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POSmON-SPEOFIC INTEGRATION of vector constructs into 
EUKARYOTIC GENOMES MEDIATED BY A CHIMERIC INTEGRASE PROTEIN 

TechnigfllM 

5 The present invention relates generally to the field of gene therapy, and 

more specifically, to compositions and methods useful for introducing vector constructs 
into specific regions of target eukaryotic cell genomes. 

Background Of The Invention 

10 Since the discovery of DNA as the genetic material in the 1 940s and 

continuing through the most recent era of recombinant DNA technology, substantial 
research has been undertaken in order to realize the possibility that the course of disease 
may be affected through interaction with the nucleic acids of living organisms. Most 
recently, a wide variety of methods have been described for altering or affecting genes, 

15 including for example, viral vectors derived from retroviruses, adenoviruses, vaccinia 
viruses, herpes viruses, and adeno-assodated viruses (see Jolly, Cancer Gene Therapy 
i(l):51-64, 1994), as well as physical methods of gene transfer such as lipofection 
(Feigner et aL, Proc NatL Acad Sd. USA 5*7413-7417, 1989), direct DNA injection 
(Acsadi et aL, Nature 352:815-818, 1991), microprojectile bombardment (Williams et aL, 

20 PNAS 55:2726-2730, 1991), liposomes of several types (^e, e.^., Wang et aL, iW^ 
5*7851-7855, 1987) and administration of nucleic acids alone (WO 90/1 1092). 

Of the techniques studied to date, recombinant retroviral gene delivery 
methods have been most extensively utilized, in part due to: (1) the efficient entry of 
genetic material (the vector genome) into cells; (2) an active, efficient process of entry 

25 into the target cell nucleus; (3) relatively high levels of gene expression; (4) the potential 

* 

to target particular cellular subtypes through control of the vector-target cell binding and 
the tissue-specific control of gene expression; (5) a general lack of pre-existing host 
immunity; and (6) substantial knowledge and clinical experience which has been gained 
with such vectors. 

30 Briefly, retroviruses are diploid positive-strand RNA viruses that replicate 

through an integrated DNA intermediate. Typically, retroviruses comprise a protein- 
containing lipid envelope surrounding a protein-encapsidated core carrying the viral 
genome. Retroviral infection is initiated by attachment of a viral particle to a specific 
receptor on the surface of a eukaryotic cell, after which the cell and viral membranes fuse, 

35 releasing the genome-containing capsid into the cell's cytoplasm. The retroviral genome is 
then reverse-transcribed into double stranded linear DNA by a virally encoded reverse 
transcriptase enzyme that is among the components packaged into each infectious 
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retroviral particle. Following processing of the linear DNA by the integrase (IN) protein 
(also encoded by the retrovirus and packaged into the retroviral particle along with 
reverse transcriptase during virion assembly) to remove two nucleotides from each 3 f end 
of the DNA, the nudeoprotdn complex enters the nucleus, where the viral DNA is then 
5 integrated pseudo-randomly by staggered deavage of the host cell genome and joining of 
the viral DNA to the host cell DNA by strand transfer, creating a "provirus" form of the 
retroviral genome which is inherited by daughter cells. The processing and joining 
reactions are mediated by IN and the position of pseudo-random integration appears to be 
determined mainly by host DNA accessibility, not by nucleotide sequence (Kulkosky, et 

10 al (1994), Pharraac. Then, vol. 61:185-203). 

Wild-type retroviral genomes (and their proviral copies) contain at least 
three genes (the gag t pol and em genes), which are preceded by a packaging signal (y), 
and long terminal repeat (LTR) sequences which flank both ends. Briefly, the gag gene 
encodes the internal core structural proteins. The pol gene codes for the RNA-dependent 

15 DNA polymerase which reverse transcribes the KNA genome and for IN, and the aw 

gene encodes the retroviral envelope glycoproteins. The 5' and 3 r LTRs contain cfe-actxng 
dements necessary to promote transcription and polyadenylation of retroviral SNA 

Adjacent to the 5 f LTR are sequences necessary for reverse transcription 
of the genome (the tRNA primer binding ate) and for efficient encapsidation of retroviral 

20 RNA into particles (they sequence). Removal of the packaging signal prevents 

eacapsidation (packaging of retroviral RNA into infectious virions) of genomic RNA, 
although the resulting mutant can still direct synthesis of all proteins encoded in the viral 
genome. 

Recombinant retroviruses and various uses thereof have been described in 
25 numerous references including, for eminple, Mann et al. (Cci/ 35:153, 1983), Cane snd 
Mulligan (Proa Nat'l Acad Sci. USA 81:6349, 1984), Miller et al., Human Gem 
Therapy 1:5-14, 1990, U.S. Patent Nos. 4,405,712; 4,861,719; 4,980,289, PCT 
Application Nos, WO 89/02,468; WO 89/05,349 and WO 90/02,806, and United States 
patent application serial nos. 08/1 16,827 (filed September 3, 1993), 08/1 16,828 (filed 
30 September 3, 1993), 08/1 16,983 (filed September 3, 1993), 08/366,851 (filed December 
30, 1994), 08/425, 180 (filed April 20, 1995), and 08/425,762 (filed April 20, 1995). 
Briefly, one or more foreign genes of interest may be incorporated into the retrovirus in 
place of a large portion of the normal retroviral RNA The resultant recombinant 
retroviral vector constructs are packaged into infectious retroviral particles using one of 
35 several systems to supply the requisite retroviral proteins needed to form infectious 
virions, Le, 9 the various proteins encoded by the gag, pol, and em genes. FoHowing 
infection of a cell with such a recombinant retrovirus, the recombinant genome encoding 
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the foreign gene(s) may then be integrated into the host's cellular DNA as if it were the 
retrovirus itself. Expression of this foreign gene(s) within the host results in expression of 
the foreign protein by the host cell. 

Despite the utility of recombinant retroviruses as gene delivery vehicles, 
5 several shortcomings are known, including their general ability to infect only replicating 
cells, their inherent genome packaging size limitations, the potential for insertional 
mutagenesis, Le. f oncogene activation or disruption of a tumor suppressor gene or otter 
essentia] gene required for cell survival, due to the random nature of retroviral integration, 
and the potential for contamination of recombinant retroviral preparations with wild-type, 

10 replication competent retrovirus (RCR) which may arise as a result of one or more 

recombination events between vectors used to produce the recombinant virions in various 
packaging or producer cell systems. 

Due to the apparent ability of retroviruses to infect only replicating cells, 
methods for increasing the efficacy of recombinant retroviruses have been developed. 

15 Such methods typically aim at inducing cells to replicate, thereby allowing the retroviruses 
to infect the cells. Such methods have included, for example, chemical treatment with 
10% carbon tetrachloride in mineral oil (Kaleko et al., Human Gene Therapy 2:27-32, 
1991) and suigeiy to remove particular tissue, thereby stimulating rapid cell division to 
increase cell infectability (Rettinger et al., PNAS 9 7:1460-1464, 1994; Mosdoni et al., 

20 Surgery i/3:304-311, 1993; ). In addition, other methods for transducing cells (Le. $ 
infecting celts with a recombinant retrovirus) resistant to standard transduction 
techniques, such as stem cells and non-dividing cells, using preparations of high titer 
recombinant retroviral particles substantially free from contamination with replication 
competent retrovirus, have recently been developed. See U.S.S.N. 08/425,180, supra. 

25 Concerns about contamination of recombinant retroviral preparations with 

RCR have been substantially avoided or eliminated by the development of a variety of 
packaging cell systems designed to prevent RCR production. Such systems are described 
in greater detail below. 

Despite these and other advances in retroviral gene delivery technology, 

30 some scientists have suggested that other potentially more efficient methods of gene 
transfer, such as direct administration of pure plasmid DNA (Davis et al., Human Gene 
Thereby 4:733-740, 1 993) or, alternatively, other viral gene deliveiy vehicles, for instance 
those based on DNA viruses or non-integrating RNA viruses, be utilized. However, these 
alternative systems also have shortcomings, such as providing for only transient 

35 expression, thereby requiring repeat administration for treatment of many diseases 
amenable to a gene therapy approach although, due to pre-existing immunity of many 
potential patients to the wild-type forms of such alternative viral systems or, in the case of 
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product, the heterologous gene product being selected from the group consisting of a 
polypeptide, an antisense RNA, a sense UNA, and a ribozyme. 

Within another aspect, vector constructs which encode a chimeric 
integrase protein of the invention are provided. Such constructs, also referred to as 
5 "chimeric integrase expression vectors, 0 comprise at least one element which controls 
gene expression, e.g., a prokaryotic or eukaryotic transcriptional promoter, an enhancer 
or locus defining dement(s), or other elements which control gene expression by other 
means such as alternate splicing, nuclear RNA export, post-transcription&l modification of 
messenger RNA, or post-translational modification of protein, in functional association, 
10 to effect regulation of gene expression, of a gene encoding a chimeric integrase 

protein. 

A related aspect of the invention concerns host cells into which vector 
constructs which encode a chimeric integrase are introduced, for instance by 
transformation, transfection, transduction, or any other technique useful for introduction 

15 of nucleic add into a cell. Such host cells include both prokaryotic and eukaryotic host 
cells. Such cells can be used for various purposes, for instance, to produce chimeric 
integrase protein. Chimeric integrase may be so produced by culturing host cells under 
suitable nutrient conditions (which will vary depending upon the host cell employed, the 
expression system in use, etc) in a manner allowing expression of the chimeric integrase 

20 protein. The resultant chimeric integrase may optionally be isolated or purified, for 

instance by affinity chromatography using an antibody reactive against an epitope of the 
chimeric integrase. In one embodiment, a chimeric antegrase protein so produced is 
incorporated into a gene delivery vehicle assembled by an in vitro process. In another 
embodiment, such host cells are packaging cells for the production of recombinant vara! 

25 particles. In addition to the other components required for assembly of infectious viral 
particle, packaging cells also produce the chimeric integrase protein which is incorporated 
into the viral particles. 

Within another aspect of the invention, gene delivery vehicles are provided 
which comprise a chimeric integrase protein to direct integration of a vector construct 

30 into a defined region of a target eukaryotic genome and the vector construct One 
embodiment concerns recombinant retroviral particles comprising a chimeric retroviral 
integrase protein to direct integration of a recombinant retroviral vector construct into a 
defined region of a target eukaryotic genome and the recombinant retroviral vector 
construct. In a preferred embodiment, such recombinant retroviral particles are 

35 transduction competent, and more preferably, are substantially free of contamination with 
replication competent retrovirus. In another preferred embodiment, the defined region of 
a target eukaryotic genome is a region adjacent to a eukaryotic gene transcribed by RNA 
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polymerase UL Eukaryotic genes transcribed by RNA pol HI include tRNA genes and SS 
RNA genes. In another embodiment, transduction competent recombinant retroviral 
particles are provided which lead to a reduced rate of insertional mutagenesis caused by 
integration of the recombinant retroviral vector construct into a eukaryotic genome as 
5 compared to integration of the recombinant retroviral vector construct mediated by a 
transduction competent recombinant retroviral particle carrying wild type retroviral 
integrase protein. Another embodiment involves transduction competent recombinant 
retroviral particles which, in transduced eukaryotic cells, lead to decreased variation in 
expression of a gene of interest earned by the recombinant retroviral vector construct as 
10 compared to expression of the gene of interest in eukaryotic cells transduced with a 
transduction competent recombinant retroviral particle carrying wild type retroviral 
integrase protein 

Within another aspect of the invention, pharmaceutical compositions 
comprising a gene delivery vehicle according to the invention and a pharmaceutical^ 
15 acceptable carrier are provided. Another embodiment provides pharmaceutical 

compositions comprising a gene delivery vehicle, for instance a recombinant vims particle, 
e.g., a recombinant retroviral particle, a recombinant alphavirus particle (for example, a 
recombinant Sindbis vims particle), a recombinant adenovirus particle, a recombinant 
adenoasso dated vims particle, recombinant herpes vims particle, and a recombinant pox 
20 virus particle, that are lyophilized or dehydrated. In a preferred embodiment, the gene 
delivery vehicle is transduction competent. A particularly preferred embodiment is a 
transduction competent recombinant retroviral particle that is lyophilized. 

Within yet another aspect of the invention, eukaryotic cell genomes (and 
the corresponding transduced eukaryotic cells) comprising a vector construct integrated 
25 into a defined region are provided. Within one embodiment of this aspect, the defined 
region into which the vector construct is integrated is a region adjacent to a eukaryotic 
gene transcribed by RNA polymerase ILL 

Within another aspect of the invention, methods are provided for 
introducing a vector construct into a eukaryotic cell genome such that there is a reduced 
30 rate of insertional mutagenesis caused by integration of the vector construct into the 
eukaryotic cell genome as compared to the rate of insertional mutagenesis caused by 
integration of the vector construct by a wild type integrase protein, the method 
•comprising introducing the vector construct into the eukaryotic cell genome using a 
chimeric integrase protein of the invention. 
35 Within a related aspect, methods are provided for introducing a vector 

construct into a defined region of a eukaryotic cell genome such that there is decreased 
variation in expression of a gene of interest from the vector construct in eukaryotic cells 
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into which the vector construct is introduced as compared to expression of the gene of 
interest in eukaiyotic cells wherein the vector construct is introduced using a wild type 
integrase proton, the method comprising introducing the vector construct into the 
eukaiyotic cell genome using a chimeric integrase protein of the invention. 
5 Other aspects of the invention relate to methods of treating a disease 

selected form the group consisting of a genetic disease, a cancer, an infectious disease, a 
degenerative disease, an inflammatory disease, a cardiovascular disease, and an 
autoimmune disease. In one embodiment, the methods comprise in vivo administration to 
a patient of a gene delivery vehicle which directs the integration of a vector construct into 
10 a defined region of a target eukaiyotic genome. Within another embodiment, the methods 
comprise administering to a patient ceDs treated ex vivo with a gene delivery vehicle 
which directs the integration of a vector construct into a defined region of a target 
eukaiyotic genome. Such ex vivo methods are preferably performed with transduced 
autologous cells. 

15 

Brief Description of the Drawings 

Figure 1 is a graphic representation of the Ty-3 and MoMLV genomes. 

Figure 2 is a graphic representation of the * A*, *B", and "C" domains of 
the Ty3 and MoMLV integrase proteins, Amino add numbers are presented at the 
20 boundaries of each domain. 

Figure 3 is an amino acid alignment between the primary sequences of Ty3 
integrase (above) and MoMLV integrase (below) . Boundaries for the "A", "B", and "C* 
domains are represented by arrows. The conserved H-H-OC and D-D-E motifs in each 
protein are shown. 

25 Figure 4 shows the plasmids BAGiEX, pRgpKan, and pgpChiniNeo, the 

latter generically referencing the expression vector used to make the chimeric integrase 
proteins described in Example 1 . 

Figure 5 graphically depicts each of the seven chimeric MoMLV/Ty3 , 
integrase proteins. 

30 Figure 6 (a) and (b) illustrate the plasmid constructions used to generate 

the chimeric integrase proteins described in Example 1. 

Figure 7 provides the nucleotide sequences of the oligonucleotides used to 
generate five of the seven chimeric integrase proteins described in Example 1 . Above 
each oligonucleotide sequence are the complementary sequences of the MLV and Ty3 
35 integrase genes. 7/ M indicates where the loop-out occurred in each mutagenesis reaction. 

Figure 8 is a illustrates the pseudotyping procedure used to produce 
infectious retroviral particles containing the chimeric integrase proteins in NC10 cells. 
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Figure 9 illustrates how the integration library described in Example 1 is 

made. 

Detailed Description of the Invents 

5 Prior to setting forth the invention, it may be helpful to an understanding 

thereof to set forth definitions of certain terms that will be used hereinafter. 

A Vector construct" refers to a recombinant^ produced nucleic add 
molecule which is capable of directing the expression of one or more genes of interest, 
sometimes referred to herein as "heterologous sequences." The vector construct must 

10 include a promoter capable of directing the expression of (i.e., be "functionally associated 
with") said gene(s) of interest, and a heterologous sequence, the expression product of 
which is preferably of therapeutic or prophylactic value. The products of the expression 
of such genes include proteins, polypeptides, antisense RNA, sense RNA, and ribozymes. 
Optionally, the vector construct may include transcription termination, splice recognition, 

15 polyadenylation addition sites, and one or more genes coding for a selectable marker. In a 
multivalent vector construct, Le., a vector construct coding for more than one gene of 
interest, there need not, although there may be, a promoter to direct the expression of 
each heterologous sequence. In a preferred embodiment wherein the multivalent vector 
construct codes for the expression of two or more genes of interest, expression of the 

20 gene(s) downstream of the first is mediated by an internal ribosome entry site ("IKES") 
sequence. 

"Viral vector", "recombinant viral vector", "viral vector construct", and 
"recombinant viral vector construct" refers to a nucleic acid construct which carries, and 
within certain embodiments, is capable of directing the expression of a vector construct 

25 according to the invention. The viral vector must include at least one transcriptional 
promoter/enhancer or locus defining element(s), or other elements which control gene 
expression by other means such as alternate splicing, nuclear RNA export, post- 
translational modification of messenger, or post-transcriptional modification of protein. 
In addition, any other nucleic acid component essential for inclusion within a viral particle 

30 of the particular type intended is included. Optionally, the recombinant retroviral vector 
may also include a signal which directs polyadenylation, selectable markers such as 
resistance to neomycin, hygromycin, phleomycin, histidinol, or proteins such as DHFR 
(confers methotrexate resistance) and HSVTK (confers gancilovir sensitivity), as well as 
one or more restriction sites and a translation termination sequence. 

35 "Retroviral vector construct", "retroviral vector", "recombinant retroviral 

vector", and "recombinant retroviral vector construct" refers to a nucleic acid construct 
which carries, and within certain embodiments, is capable of directing the expression of a 
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vector construct according to the invention. The retroviral vector must include at least 
one transcriptional promoter/enhancer or locus defining elements), or other elements 
which control gene expression by other means such as alternate splicing, nuclear SNA 
export, post-translational modification of messenger, or post-transcriptional modification 

5 of protein. Such vector constructs must also include sequence encoding a packaging 
signal, long terminal repeats (LTRs) or portion thereof) and positive and negative strand 
primer binding sites appropriate to the retrovirus used (if these are not already present in 
the retroviral vector). Optionally, the recombinant retroviral vector may also include a 
signal which directs polyadenylation, selectable markers such as resistance to neomycin, 

10 hygromycin, phleomycin, histidinol, or protons such as DHFR (confers methotrexate 

resistance) and HSVTK (confers gancflovir sensitivity), as well as one or more restriction 
sites and a translation termination sequence. By way of example, such vectors typically 
include a 5' LTR, a sequence coding for a tRNA binding site, a sequence coding for a 
packaging signal, an origin of second strand DNA synthesis, and a 3' LTR or a portion 

15 thereof 

^Recombinant DNA molecule" is used from time to time in place of 
^vector construct" or "retroviral vector construct 0 

A "gene delivery vehicle 0 refers to a composition capable of delivering a vector 
construct to an eukaryotic cell which further comprises a chimeric IN proton according to 

20 the invention to promote position-specific integration of the vector construct into the 
genome of the eukaryotic cell. Representative examples of gene delivery vehicles include 
recombinant viral vectors (e.g. alphaviruses such as Sindbis), physical systems (e.g. 
ELVS), other viral systems (e.g. adenovirus, adeno-assodated virus, and poxviras), a 
nucleic add vector (such as a plasmid), a naked nucleic add molecule such as genes, a 

25 nucleic add molecule completed to a polycationic molecule capable of neutralising tjie 
negative charge on the nuddc add molecule and condensing the nuddc add molecule 
into a compact molecule (see WO 93/03709), a nuddc add assodated with a liposome 
(Wang, et aL, PNAS84\1%5\, 1987), a bacterium, and certain eukajyotic cells such as a 
producer cell, that are capable of delivering a nucldc acid molecule having one or more 

30 desirable properties to host cells in an organism. As discussed bdow, the desirable 

properties include the ability to express a desired substance, such as a protein, enzyme, or 
antibody, and/or the ability to provide a biological activity, which is where the nuddc add 
molecule carried by the GDV is itself the active agent without requiring the expression of 
a desired substance. One example of such biological activity is gene therapy where the 

35 delivered nuddc add molecule incorporates into a specified gene so as to inactivate the 
gene and "turn ofF the product the gene was making. Another example is where the 
nuddc acid sequence is a antisense molecule that binds to mRNA and inhibits translation. 
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If the nucleic add sequence encodes a rybozyme the ribozyme binds and cleaves mRNA 
thereby inhibiting translation. 

A "defined region of a target eukaiyotic genome" is a region into which a 
vector construct of the invention is integrated due to the position-specificity of the 
5 integrase mediating the integration event. A representative example is a region adjacent 
to a eukaiyotic gene transcribed by RNA polymerase HI. 

As noted above, the present invention provides compositions and methods 
for directing the position-specific integration of a vector construct into a eukaiyotic ceil 

10 genome through the use of a chimeric integrase protein. Such compositions are suitable 
for administration to various eukaiyotic organisms, particularly warm-blooded animals, 
including mammals, and especially humans. By integrating a vector construct into a 
specific position within a eukaiyotic genome, potential obstacles such as cell-to-cell 
variability in expression levels of the gene(s) of interest and insertional mutagenesis, 

15 among others, can be substantially avoided or eliminated. As a result, such compositions 
will be useful for efficacious gene therapy for a variety of diseases by a variety of routes. 

A. Preparation of Chimeric Integrase Proteins 

20 The enzyme responsible for catalyzing the integration event is the 

retroviral IN which mediates removal of a 3* dinucleotide from the ends of the 
extrachromosomal retroviral vector DNA, cleavage of the target site generating a 
characteristic (4 to 6) bp 5' overhang, and ligation of the 3* ends of the retroviral vector 
DNA to the 5' ends of the host chromosomal DNA (Fujiwara, et al (1988), Cell, vol. 54: 

25 497-504; Brown, et al. (1989), Proa Natl. Acad. Sci. USA, vol. 86: 2525-2529). The 
MoMLV intracellular viral core particle containing replicated DNA was shown to be 
competent for integration (Brown, et al. (1987), Cell, vol. 49:347-356; Fujiwara, et al. 

(1989) , Proc. Natl. Acad. Sci. USA, vol. 86:3065-3069). More recently, purified, 
recombinant IN together with linear molecules representing replicated viral DNA or 

30 oligonucleotide duplexes representing the ends of the replicated virus in the presence of 
buffer and divalent cations was shown to be sufficient to catalyze nicking and ligation,, 
mimicking an integration reaction (Katz, et al. (1990), Cell, vol. 63:87-95; Craigie, et al. 

(1990) , Cell, vol. 62:829-837; Bushman, et al. (1990), Science, voL 249:1555-1558.). In 
addition, IN can perform a reversal of the integration reaction on an oligonucleotide 

35 substrate DNA (Chow, et al. (1992), Science, vol 255:723-726). 

Ty3 is a yeast retrotransposon which, except for the absence of the em> 
gene, is organizationally and functionally similar to animal retroviruses (Hansen, et al. 
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(1988), Mol. Cell. BioL, vol. 8:5245-5256; Hansen, et iL (1990), I. Virol, vol. 64:2599- 
2607; Hansen, et al. (1992), J. Virol., vol. 66:1414-1424.). See FIG. 1. Ty3 IN is 
required for nicking of the 3' ends of the replicated Ty3 DNA by two bp and for 
integration of Ty3. Ty3 is composed of 340 bp LTRs flanking an internal domain of 4.7 

5 kbp. Transcription of the 5.2 kbp genomic RNA begins and ends in the 5' and 3'LTRs, 
respectively. The internal domain contains two ORFs, GAGS and POL3, corresponding 
to the retroviral gagmdpol genes. The GAGS gene encodes the precursor polyprotein 
p r3 gG4G3 t which i 5 processed into a 26 kDa capsid (CA) species and a 9 kDa 
nucleocapsid (NC) species. These species have conserved motife found in their retroviral 

10 counterparts and are functionally equivalent to those proteins. The GAG3-POL3 173 

&sion polypeptide is processed to the GAG3 proteins described above, a 16 kDa aspartyl 
protease (PR), a pl!5 POLB species composed of reverse transcriptase (RT) which 
includes IN domains, a 55 kDa RT, and 61 and 58 kDa IN species. These proteins 
together with Ty3 RNA form virus-like particles (VLPs) about 50 nm in diameter and 

15 156S in size. In addition to having KNA and Ty3 proteins, the particle fraction displays 
RT activity and contains the full-length, replicated Ty3 DNA The primer for Ty3 
replication is initiator tRNA^ 1 which is complementary to the Ty3 primer binding site 
which begins 2 bp downstream of the U5 internal domain junction. As is the case tor 
retroviruses, this DNA ends in the short, conserved, inverted repeats and has two bp 

20 terminal extensions compared to the integrated form. Thus it is structurally analogous to 
the retrovirus replicated extrachromosomal intermediate. 

In one embodiment of the invention, the position specificity of the yeast 
Ty3 element is conferred to the integrase (IN) of a. Moloney murine leukemia virus-based 
retroviral vector. Integrase proteins are known to comprise at lease three domains, an 

25 amino terminal domain, a core domain ("B" in FIG. 2) with strand transfer and metal 

chelation activity, while the carboxyl terminal domain ("C" in FIG. 2) is involved in DNA 
binding. One or more of these discrete domains of an integrase known to confer position- 
specific integration, e.g., the Ty3 IN, can be substituted for the corresponding domain(s) 
of the integrase to be incorporated into a gene delivery vehicle according to the invention. 

30 Vector constructs of the invention which code for a chimeric integrase carry substitutions 
of the coding region for the amino terminal region, the core region, and the carboxyl 
terminal region of Ty3 IN for the analogous coding regions for the nonspecific integrase 

activity of MoMLV. 

The full-length protein sequence of Ty3 IN and MoMLV IN have been 
35 aligned (FIG. 3). Mutations in the D-D-E region conserved in Ty3 and in retrovirus IN 
and lying within region B affect 3* nicking and strand transfer (Kirchner, J. and 
Sandmeyer, S. (1992). Proteolytic processing of Ty3 proteins is required for 
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transposkion. J. Virol. 67:1, 19-28 JCulkosky, et al. (1992), MoL Cell. Biol., vol. 12:2331- 
2338; Engelman, et al. (1992), I Virol, vol 66:6361-6369). Although the amino- 
terminal and carboxyi-terminal regions of IN are required for full 3' processing and strand- 
transfer activities, these domains also appear to be functionally distinct (Bushman, et al. 
5 (1993), Proc. Natl. Acad. Sci. USA, vol. 90:3428-3432; Geiduschek, et al. (1988), Annu. 
Rev. Biochem., vol 57:873-914). A subdomain of this core region from HIV expressed 
as a recombinant protein (Kassavetis, et al. (1990), Cell, vol. 60:235-245) has been shown 
to be sufficient for mediating a reversal of integration, referred to as a "disintegration" 
reaction. The conserved acidic residues are likely to chelate the divalent cation and tins 

10 region contains a domain which encompasses a complete active she. 

Seven representative chimeric constructs are described in Example 1, 
below. Because Ty3 inserts within a few nucleotides of the transcription initiation she 
and RNA pol III gene sequences are highly conserved and which are not regulated in a 
tissue-specific manner, predictable and less variable expression levels can be achieved. 

15 Northern analysis and PGR are among the techniques that can be employed to assess 
levels of expression of the gene(s) of interest 

Despite the similarity between the Ty3 IN and its retroviral counterpart, 
Ty3 integrates with position specificity which is not observed for any retrovirus. Ty3 
integrates specifically in the region of transcription initiation of genes transcribed by RNA 

20 polymerase HI, e.g., 5S, U6, and tRNA genes. The tRNA class of polymerase IH 
transcribed genes is distinguished by the boxA and boxB internal promoter elements 
(Chalker, et al. (1990), Genetics, vol. 126:837-850). These regions of the tRNA gene- 
coding sequence direct binding of transcription factor TFHIC which subsequently directs 
binding ofTKlUB to the 5 1 flanking region of the tRNA gene. THUS bound to the DNA 

25 template is sufficient to direct RNA pol HI to initiate multiple rounds of transcription 
(Chalker, et al. (1992), Genes Dev., vol 6: 1 17-128). No consensus DNA binding 
sequence for TFIDB has been observed and the region upstream of the gene does not 
contain conserved promoter elements. 

The in vivo specificity of Ty3 has been tested directly using a plasmid 

30 target assay (Natsoulis, et al. (1989), Genetics, vol. 123 :269-279) to showed that tRNA, 
5S, and U6 genes are targets of Ty3 integration. Integration events occurred so that the 
gene-proximal member of the staggered nicks at the integration site were within one or 
two bp of the position of transcription initiation and immediately downstream of the 
position ofTFHIB. Ty3 integration into a target tRNA gene requires functional tRNA 

35 gene promoter elements<Natsoulis, et al. (1989), Genetics, vol. 123:269-279) and it 
appears that transcription factors are bound upstream of the gene at the time of 
integration (Kinsey, et al. (1991), Nucleic Acids Res., vol. 19:1317-1324). 
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Because RNA pol ID promoter elements are internal, integration of 
recombinant DNA molecules according to the invention by a chimeric integrase having 
the position-specificity of the Ty3 IN just upstream of the pol HI initiation site will not 
disrupt tRNA gene expression. Analysis of transcription of one tRNA gene alone and 
5 with a Ty3 in both orientations under conditions where the level of expression of the Ty3 
element or its LTR sequence were varied over 50 fold showed that the Ty3 had only a 
modest, positive effect on the level of tRNA gene expression (Eagelman, et al. (1993), 
EMBO J., vol. 12:3269-3275). The tRNA genes of eukaryotic cells in which they have 
been examined are highly redundant, thereby miniinizing insertional effects. 
10 Recently an in vitro assay has been developed with which to study the 

components of the Ty3 integration reaction. This reaction is based on the in vitro 
retrovirus core integration assay (Brown, et al. (1987), Cell, vol. 49:347-356). The Ty3 
VLP contain, in addition to other components, IN and full-length Ty3 DNA, and can 
donate the Ty3 DNA to a plasmid target. VLPs are isolated from cells overexpressing 
15 Ty3 and mixed with plasmid to which RNA pol HI transcription extract or purified factors 
(HIC and HIB) and polymerase m is added. The plasmid contains a modified SUP2 
tRNA gene with either a wild-type or mutant (G56) baxB promoter element. The 
components of the integration reaction are mixed together on ice in buffer with 5-20 mM 
MgCl 2 and then incubated at 30OC for 30 min. The DNA is then extracted and 
20 quantitated by a fiuorometric assay. Integration of Ty3 DNA into the target plasmid 
containing the tRNA gene can be monitored by a PCR assay. Integration of the Ty3 
DNA into the initiation region of the tRNA gene target results in a product which can be 

amplified into a diagnostic fragment 

Because of differences in codon usage between eukaryotic 

25 retroviruses and retrotransposons, those skilled in the art can modify the respective vector 
construct using degenerate codons preferred by the particular integrase into which 
position-specifying domains are to be inserted. Information regarding codon usage in the 
host(s) susceptible to infection by a retrovirus (or in the cell line to be used for virion or 
integrase expression) if unavailable in the literature, can be determined by examining 

30 codon usage in genes coding for highly expressed proteins. One or more preferred 
codons can then be introduced into the chimeric integrase gene by standard techniques, 
such as site directed mutagenesis or solid state nucleic acid synthesis. 

A T>PT7PAR ATION rw> RECOMBINANT KETROVI P AT VECTORS. PACK AGTKQ CELLS , 
35 T>gnnnCKR CSTT -S AND RECO MBINANT RETROVIRUSES 

As noted above, one embodiment of the present invention provides 
recombinant retroviruses which are constructed to deliver one or more selected nucleic 
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acid molecules, or "genes,* of interest in a position-specific manner to the genome of a 
eukaryotic cell Position-specific integration is media ted by the chimeric IN proton 
incorporated into the recombinant retroviral particle. Briefly, numerous retroviral gene 
delivery vehicles may be utilized within the context of the present invention, including for 
example those described in EP 0,415,731; WO 90/07936; WO 94/03622; WO 93/25698; 
WO 93/25234; U.S. Patent No. 5,219,740; WO 93 1 1230; WO 93 10218; Vile and Hart, 
Cancer Res. 55:3860-3864, 1993; Vile and Hart, Cancer Res. 53:962-967, 1993; Ram et 
aL, Cancer Res. 55:83-88, 1993; Takamiya et aL, J. Neurosci. Res. 53:493-503, 1992; 
Baba et aL, /. Neurosurg. 7P:729-735, 1993 (U.S. Patent No. 4,777,127, GB 2,200,651, 
EP 0,345,242 and WO 91/02805). Particularly preferred recombinant retroviruses 
include those described in WO 91/02805. 

Retroviral gene delivery vehicles of the present invention may be readily 
constructed from a wide variety of retroviruses, including for example, B, C, and D type 
retroviruses as well as spumaviruses and lentiviruses (see RNA Tumor Viruses, Second 
Edition, Cold Spring Harbor Laboratory, 1985). Preferred retroviruses for the 
preparation or construction of retroviral gene delivery vehicles of the present invention 
include retroviruses selected from the group consisting of Avian Leukosis Virus, Bovine 
Leukemia Vims, Murine Leukemia Virus, Mink-Cell Focus-Inducing Virus, Murine 
Sarcoma Virus, Reticuloendothelioas virus and Rous Sarcoma Virus. Particularly 
preferred Murine Leukemia Viruses include 4070A and 1504A (Hartley and Rowe, J. 
Virol J0:19-25, 1976), Abelson (ATCC No. VR-999), Friend (ATCC No. VR-245), 
Graffi, Gross (ATCC No. VR-590), Kirsten, Harvey Sarcoma Virus and Rauscher 
(ATCC No. VR-998), and Moloney Murine Leukemia Virus (ATCC No. VR-190). Such 
retroviruses may be readily obtained from depositories or collections such as the 
American Type Culture Collection ("ATCC; Rockville, Maryland), or isolated from 
known sources using commonly available techniques. 

Any of the above retroviruses may be readily utilized in order to assemble 
or construct retroviral gene delivery vehicles given the disclosure provided herein, and 
standard recombinant techniques (e.g., Sambrook et al, Molecular Cloning: A 
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989; Kunkle, PNAS 
£2:488, 1985). In addition, within certain embodiments of the invention, portions of the 
retroviral gene delivery vehicles may be derived from different retroviruses. For example, 
within one embodiment of the invention, retroviral vector LTRs may be derived from a 
Murine Sarcoma Virus, a tRNA binding site from a Rous Sarcoma Virus, a packaging 
signal from a Murine Leukemia Virus, and an origin of second strand synthesis from an 
Avian Leukosis Virus. 
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Within preferred embodiments of the present invention, recombinant 
retroviruses useful in the practice the invention may be made by introducing a vector 
construct as discussed above, into a cell (termed a -packaging cell") which contains those 
elements necessary for production of infectious recombinant retrovirus which mediate 
position-specific integration of the recombinant retroviral genome, but which are lacking 
in the vector construct from which the recombinant retroviral genome is transcribed. A 
wide variety of retroviral vector constructs may be utilized within the present invention in 
order to prepare recombinant retroviruses. For example, within one aspect of the present 
invention retroviral vector constructs are provided comprising a 5' LTR, a tRNA binding 
site, a packaging signal, one or more heterologous sequences, an origin of second strand 
DNA synthesis and a 3' LTR wherein the vector construct lacks gag/pol or env coding 
sequences. Briefly, Long Terminal Repeats ("LTRs") are subdivided into three elements, 
designated U5, R and U3 . These elements contain a variety of signals which are 
responsible for the biological activity of a retrovirus, including for example, promoter and 
enhancer elements which are located within U3. LTRs may be readily identified in the 
provirus due to their precise duplication at either end of the genome. As utilized herein, a 
5* LTR should be understood to include a 5' promoter element and sufficient LTR 
sequence to allow reverse transcription and integration of the DNA form of the vector. 
The 3' LTR should be understood to include a polyadenylation signal, and sufficient LTR 
sequence to allow reverse transcription and integration of the DNA form of the vector. 

The tRNA binding site and origin of second strand DNA synthesis are also 
important for a retrovirus to be biologically active, and may be readily identified by one of 
skill in the art. For example, retroviral tRNA binds to a tRNA binding she by Watson- 
Crick base pairing, and is carried with the retrovirus genome into a viral particle. The 
tRNA is then utilized as a primer for DNA synthesis by reverse transcriptase. The tRNA 
binding she may be readily identified based upon its location just downstream from the 5' 
LTR. Similarly, the origin of second strand DNA synthesis is, as its name implies, 
important for the second strand DNA synthesis of a retrovirus. This region, which is also 
referred to as the poly-purine tract, is located just upstream of the 3' LTR 

As position-specific integration is an essential aspect of the invention, it is 
critical that the retroviral vector construct include sequences which, when positioned in 
the reverse transcribed double stranded form of the retroviral genome to be integrated, 
are processed by intact chimeric IN protein. Following reverse transcription of the 
retroviral RNA genome, LTRs are present at each end of the linear, double stranded DNA 
molecule. Several nucleotides, typically two, are removed from the 3'-OH ends of the 
retroviral DNA by the chimeric IN. In a particularly preferred embodiment, the substrate 
DNA has a cytosine, adenosine (S'-CA-S 1 ) dinucleotide two base pairs from the 3' 
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tenninus of each of the two complementary DNA strands. Sec Knlkosky, et at, supra . 
However, resultant retroviral DNAs which contain a substitution of either or both 
nucleotides or where the dinucleotide is more recessed from one or both ends of the DNA 
can also be employed, although processing and joining (to the cleaved eukaryotic 

5 genome) of the retroviral DNA will likely be less efficient 

In addition to a 5' and 3' LTR, tRNA binding she, and origin of second 
strand DNA synthesis, certain preferred retroviral vector constructs which are provided 
herein also comprise a packaging signal, as well as one or more nucleic acid molecules 
(e.g., heterologous sequences), each of which is discussed in more detail below. 

10 Within a preferred embodiment of the invention, retroviral vector 

constructs are provided which lack both gagfpol and env coding sequences. As utilized 
herein, the phrase "lacks gag/poJ or env coding sequences" should be understood to mean 
that the retroviral vector does not contain at least 20, preferably at least 15, more 
preferably at least 10, and most preferably at least 8 consecutive nucleotides which are 

13 found in gagfpol or em genes, and in particular, within gagfpol or env expression 

cassettes that are used to construct packaging cell lines for the retroviral vector construct. 

Packaging cell lines suitable for use with the above-described retroviral 
vector constructs may be readily prepared (see U.S. Serial No. 08/240,030, filed May 9, 
1994; see also WO 92/05266), and utilized to create producer cell lines (also termed 

20 vector cell lines or "VCLs") for the production of recombinant vector particles which 
mediate position-specific integration. Within particularly preferred embodiments of the 
present invention packaging cell lines are derived from cell lines obtained from the same 
species as will be treated with the resulting recombinant retroviral particles. For instance, 
it has been discovered that recombinant retroviral particles made from human (e.g., 

25 HT1080 cells) cell lines are capable of surviving inactivadon in human serum. See 
U.S.S.N. 08/367,071, filed December 30, 1994. 

In a preferred embodiment of the invention, packaging cell lines that 
produce recombinant retroviral particles at titers greater than 10 6 or 10^ cfu/ml (m crude 
supernatant) may readily be obtained. In addition, it should be noted that such titers are 

30 generally obtained from titer assays on HT1080 cells, which produce a three-fold lower 
titer than titers obtained on murine 3 T3 cells. 

B . BE SQbBMAMI Retroviruses Which Carry and/or Express a Desired 
HHSLBS Acid Molecule 
35 A wide variety of nucleic acid molecules may be carried and/or expressed 

by the recombinant vector constructs of the present invention. Generally, the nucleic acid 
molecules which are described herein do not occur naturally in the gene delivery vehicle 
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that carries h, and provides some desirable benefit, typically an ability to fight or prevent a 
disease, or other pathogenic agent or condition. As used herein, "pathogenic agent- 
refers toa cell that is responsible for a disease state. Representative examples of 
pathogenic agents include tumor cells, autoreactive immune cells, hormone secreting cells, 
cells which lack a function that they would normally have, cells that have inappropriate 
gene expression which does not normally occur in that cell type, and cells infected with 
bacteria, viruses, or other intracellular parasites. 

Examples of nucleic acid molecules which may be carried and/or expressed 
by the gene delivery vehicles of the present invention include genes and other nucleic acid 
molecules which encode a substance, e.g., a polypeptide, antisense RNA, sense RNA, or a 
ribozyme, as well as biologically active nucleic acid molecules such as inactivating 
sequences that incorporate into a specified intracellular nucleic acid molecule and 
inactivate that molecule. A nucleic acid molecule is considered to be biologically active 
when the molecule itself provides the desired benefit without requiring the expression of a 
substance. For example, the biologically active nucleic acid molecule may be an 
inactivating sequence that incorporates into a specified intracellular nucleic acid molecule 
and inactivates that molecule, or the molecule may be a tRNA, rRNA or mRNA that has a 
configuration that provides a binding capability. 

Substances which may be encoded by the nucleic acid molecules described 
herein include proteins (e.g.. antibodies, including single chain molecules), 
immunostimulatory molecules (such as antigens, immunosuppressive molecules, blocking 
agents, palliatives (such as toxins, antisense ribonucleic acids, ribozymes, enzymes, and 
other material capable of inhibiting a function of a pathogenic agent) cytokines, various 
polypeptides or peptide hormones, their agonists or antagonists, where these hormones 
can be derived from tissues such as the pituitary, hypothalamus, kidney, endothelial cells, 
liver, pancreas, bone, hematopoietic marrow, and adrenal. Such polypeptides can be used 
for induction of growth, regression of tissue, suppression of immune responses, apoptosis, 
gene expression, blocking receptor-ligand interaction, immune responses and can be 
treatment for certain anemias, diabetes, infections, high blood pressure, abnormal blood 
chemistry or chemistries (eg., elevated blood cholesterol, deficiency of blood clotting 
factors, elevated LDL with lowered HDL), levels of Alzheimer associated amaloid 
protein^ bone erosion/calcium deposition, and controlling levels of various metabolites 
such as steroid hormones, purines, and pyrimidmes. 

For palliatives, when "capable of inhibiting a function" is utilized within the 
context of the present invention, it should be understood that the palliative either directly 
inhibits the function or indirectly does so, for example, by converting an agent present in 
the cells from one which would not normally inhibit a function of the pathogenic agent to 
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one which does. Examples of such functions for viral diseases include adsorption, 
replication, gene expression, assembly, and exit of the virus from infected cells. Examples 
of such fiinctions for cancerous diseases include cell replication, susceptibility to external 
signals (*.£., contact inhibition), and lack of production of anti-oncogene proteins. 

5 Examples of such fiinctions for cardiovascular disease include inappropriate growth or 
accumulation of material in blood vessels, high blood pressure, undesirable blood levels 
of fectors such as cholesterol or low density lipoprotein that predispose to disease, 
localized hypoxia, and inappropriately high and tissue-damaging levels of free radicals. 
Examples of such functions for neurological conditions include pain, lack of dopamine 

10 production, inability to replace damaged cells, deficiencies in motor control of physical 
activity, inappropriately low levels of various peptide hormones derived from neurological 
tissue such as the pituitary or hypothalamus, accumulation of Alzheimer's Disease 
associated amyeloid plaque protein, and inability to regenerate damaged nerve junctions. 
Examples of such functions for autoimmune or inflammatory disease include inappropriate 

15 production of cytokines and lymphokines, inappropriate production and existence of 

autoimmune antibodies and cellular immune responses, inappropriate disruption of tissues 
by proteases and collagenases, lack of production of fectors normally supplied by 
destroyed cells, and excessive or aberrant regrowth of tissues under autoimmune attack. 

Within one aspect of the present invention, methods are provided for 

20 administration of a gene delivery vehicle, the nucleic add of which encodes and directs 
the expression of at least one palliative. Within various embodiments, the palliative may 
be a DNA molecule, a RNA molecule, some combination of the two, or a proton. 

Representative examples of palliatives that act directly to inhibit the 
growth of cells include toxins such as ricin (Lamb et aL, Eur. J. Biochem. 148:265-270, 

25 1985), abrin (Wood et aL, Eur. 1 Biochem 198:723-732. 1991; Evensen et al., J. of Biol 
Chem. 266:6848-6852, 1991; Collins et aL, I of Biol Chem. 265:8665-8669, 1990; Chen 
et al., Fed of Eur. Biochem Soc 300:115-118, 1992), diphtheria toxin (Tweten et al. 5 X 
Biol Chem. 260:10392-10394, 1985), cholera toxin (Mekalanos et al., Nature 306:551- 
557, 1983; Sanchez & Holmgren, PNAS 56:481-485, 1989), gelonin (Stirpe et aL, X Biol 

30 Chem. 255:6947-6953, 1980), pokeweed (Irvin, Pharmac. Ther. 27:371-387, 1983), 
antiviral protein (Barbieri et al., Biochem. J. 205:55-59, 1982; Irvin et al., Arch 
Biochem. dtBiophys. 200:418-425, 1980; Irvin, Arck Biochem. &Biophys. 169:522- 
528, 1975), tritin, Shigella toxin (Calderwood et al., PNAS W:4364-4368, 1987; Jackson 
et al., Microb. Path 2:147-153, 1987), and Pseudomonas exotoxin A (Carroll and 

35 Collier, J. Biol Chem. 262:8707-871 1, 1987). A detailed description of recombinant 
retroviruses which express RusseTs Viper Venom is provided in U.S. Serial No. 08/368, 
574, filed December 30, 1994. 
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Within other embodiments of the invention, the gene delivery vehicle 
carries a gene specifying a product which is not in itself toxic, but when processed or 
modified by a protein, such as a protease specific to a viral or other pathogen, is 
converted into a toxic form. For example, the recombinant retrovirus could cany a gene 
encoding a proprotein chain, which becomes toxic upon processing by the HTV protease. 
More specifically, a synthetic inactive proprotein form of the toxic ricin or diphtheria A 
chains could be cleaved to the active form by arranging for the HTV virally encoded 
protease to recognize and cleave off an appropriate "pro" element. 

Within yet another embodiment of the invention, the vector construct 
carried by the gene delivery vehicle directs the expression of a substance capable of 
activating an otherwise inactive precursor into an active inhibitor of a pathogenic agent, 
or a conditional toxic palliative, which are palliatives that are toxic for the cell expressing 
the pathogenic condition. As should be evident given the disclosure provided herein, a 
wide variety of inactive precursors may be converted into active inhibitors of a pathogenic 
agent. For example, antiviral nucleoside analogues such as AZT or ddl are metabolized 
by cellular mechanisms to the nucleotide triphosphate form in order to specifically inhibit 
retroviral reverse transcriptase, and thus viral replication (Furmam et al., Proc NatL 
Acad. ScL USA 53:8333-8337, 1986). Recombinant retroviruses which direct the 
expression of a gene product (e.g., a protein) such as Herpes Simplex Virus Thymidine 
Kinase (HSVTK) or Varicella Zoster Virus Thymidine Kinase (VZVTK) which assists in 
metabolizing antiviral nucleoside analogues to their active form are therefore useful in 
activating nucleoside analogue precursors (e.g., AZT or ddC) into their active form. AZT 
or ddl therapy will thereby be more effective, allowing lower doses, less generalized 
toxicity, and higher potency against productive infection. Additional nucleoside 
analogues whose nucleotide triphosphate forms show selectivity for retroviral reverse 
transcriptase but, as a result of the substrate specificity of cellular nucleoside and 
nucleotide kinases are not phosphorylated, will be made more efficacious. 

Within one embodiment of the invention, the HSVTK gene may be 
expressed under the control of a constitutive macrophage or T-ceU-specific promoter, and 
introduced into macrophage or T-cells. Constitutive expression of HSVTK results in 
more effective metabolism of nucleotide analogues such as AZT or ddl to their 
biologically active nucleotide triphosphate form, and thereby provides greater efficacy, 
delivery of lower doses, less generalized toxicity, and higher potency against productive 
infection. Additional nucleoside analogues whose nucleotide triphosphate forms show 
selectivity for retroviral reverse transcriptase but, as a result of the substrate specificity of 
cellular nucleoside and nucleotide kinases are not phosphorylated, may also be utilized 
within the context of the present invention. 
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Within a related aspect of the present invention, vector constructs are 
provided which direct the expression of a substance that activates another compound with 
little or no cytotoxicity into a toxic product in the presence of a pathogenic agent, thereby 
effecting localized therapy to the pathogenic agent In this case, expression of the gene 

5 product from the recombinant retrovirus is limited to situations wherein an entity 
associated with the pathogenic agent, such as an intracellular signal identifying the 
pathogenic state, is present, thereby avoiding destruction of nonpathogenic cells. This 
cell-type specificity may also be conferred at the level of infection, by targeting the 
recombinant gene DNA vehicle carrying the vector construct to cells having or being 

10 susceptible to the pathogenic condition. 

In a related embodiment, vector constructs are provided which direct the 
expression of a gene produces) that activates a compound with little or no cytotoxicity 
into a toxic product. Briefly, a wide variety of gene products which either directly or 
indirectly activate a compound with little or no cytotoxicity into a toxic product may be 

15 utilized within the context of the present invention. Representative examples of such gene 
products include HSVTK and VZVTK which selectively monophosphorylate certain 
purine arabinosides and substituted pyrimidine compounds, converting them to cytotoxic 
or cytostatic metabolites. More specifically, exposure of the drugs gangicylovir, 
acyclovir, or any of their analogues {e.g., FIAC, DHPG) to HSVTK, phosphoryiates the 

20 drug into its corresponding active nucleotide triphosphate form. For example, the vector 
construct may direct the expression of a HSVTK gene under the transcriptional control of 
an HTV promoter known to be transcriptionally silent except when activated by HTV tat . 
protein Briefly, expression of the tat gene product in human cells infected with HTV and 
carrying the vector construct would lead to production of HSVTK. The cells (either 

25 in vitro or in vivo) are then exposed to a drug such as ganciclovir, acyclovir or its 

analogues {FIAC, DHPG). As noted above, these drugs are known to be phosphoiylated 
by HSVTK (but not by cellular thymidine kinase) to their corresponding active nucleotide 
triphosphate forms. Acyclovir triphosphates inhibit cellular polymerases in general, 
leading to the specific destruction of cells expressing HSVTK in transgenic mice (see 

30 Borrelli et al., Proc Natl Acad. ScL USA 85:1512, 1988). Those cells containing the 

vector construct and expressing HTV tat protein are selectively killed in the presence of an 
appropriate dose of these drugs. 

Within another embodiment of the invention, expression of a conditionally 
lethal HSVTK gene may be made even more HTV-specific by including cis-acting 

35 elements in the mRNA transcribed from the vector construct ("CRS/CAR") which require 
an additional HTV gene product, e.g., rev, for optimal activity (Rosen et al., Proc. Natl. 
Acad. Set USA 85:2011, 1988). More generally, cis elements present in mRNAs have 
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been shown in some cases to regulate mRNA stability or translaiability. Sequences of this 
type (Le., for post-transcriptional regulation of gene expression) may be used for event- 
or tissue-specific regulation of vector gene expression. In addition, mulumerization of 
these sequences (i.e., rev-responsive "CRS/CAR" or tat-responsive °TAR M elements fi>r 
5 HIV) may be utilized in order to generate even greater specifidty. 

In a manner similar to the preceding embodiment, gene delivery vehicles 
may be generated which carry a gene for phosphorylation, phosphoribosylstion, 
ribosylation, or other metabolism of a purine- or pyrinridine-based drug. Such genes may 
have no equivalent an mammalian cells, and might come from organisms such as a virus, 
10 bacterium, fungus, or protozoan. Representative examples include: £ coli guanine 
phosphoribosyl transferase Cgpt B ) gene product, which converts thioxanthine into 
thioxanthine monophosphate (seeBesnard et aI.,Mo£ Cell Biol 7:4139-4141, 1987); 
alkaline phosphatase, which will convert inactive phosphorylated compounds such as 
mitomycin phosphate and doxorubicin-phosphate to toxic dephosphoryiated compounds; 
15 fungal {e.g., Fwsariwi axyspomm) or bacterial cytosine deaminase which wffl convert 5- 
fluorocytosine to the toxic compound 5-fluorouracil (Mullen, PNAS 89:32, 1992); 
carboxypeptidase G2 which will cleave the glutamic acid from para-N-bis (2-ehloroethyl) 
aminobenzoyl glutamic acid, thereby creating a toxic benzoic acid mustard; and Penicillin- 
V amidase, which will convert phenoxyacetabide derivatives of doxorubicin and 
20 melphalan to toxic compounds. Conditionally lethal gene products of this type have 

application to many presently known purine- or pyrinudine-based anticancer drugs, which 
often require intracellular ribosylation or phosphorylation in order to become effective 
cytotoxic agents. The conditionally lethal gene product could also metabolize a nontoxic 
drug, which is not a purine or pyrimidine analogue, to a cytotoxic form (see Searie et aL, 
25 Brit J. Cancer 55:377-384, 1986). 

Additionally, when the target pathogen is a mammalian virus, vector 
constructs may be constructed to take advantage of the feet that mammalian viruses in 
general tend to have "immediate early" genes, which are necessary for subsequent 
transcriptional activation of other viral promoter elements. Gene products of this nature 
30 are excellent candidates for intracellular signals (or "identifying agents") of viral infection. 
Thus, conditionally lethal genes transcribed from transcriptional promoter elements that 
are responsive to such viral "immediate early" gene products could specifically kill cells 
infected with any particular vims. Additionally, since the human a and b interferon 
promoter elements are transcriptionally activated in response to infection by a wide 
35 variety of nonrelated viruses, the introduction of vectors expressing a conditionally lethal 
gene product like HSVTK, for example, from these viral-responsive elements (VREs) 
could result in the destruction of cells infected with a variety of different viruses. 
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In another embodiment of the invention, vector constructs for 
incorporation into a gene delivery vehicle are provided that produce substances such as 
inhibitor palliatives, that inhibit viral assembly. In this context, the recombinant DNA 
molecule codes for defective gag, pol, em or other viral particle proteins or peptides 

5 which inhibit in a dominant fashion the assembly of viral particles. Such inhibition occurs 
because the interaction of normal subunits of the viral particle is disturbed by interaction 
with the defective subumts. 

One way of increasing the effectiveness of inhibitory palliatives is to 
express inhibitory genes, such as viral inhibitory genes, in conjunction with the expression 

10 of genes which increase the probability of infection of the resistant cell by the virus in 
question. The result is a nonproductive "dead-end" event which would compete for 
productive infection events. In the specific case of HIV, a vector construct may be 
administered that inhibits HIV replication (by expressing anti-sense tat, etc., as described 
above) and also overexpress proteins required for infection, such as CB4. In this way, a 

15 relatively snail number of vector-infected HIV-resistant cells act as a "sink" or "magnet 0 
for multiple nonproductive fusion events with free virus or virally infected cells. 

In another embodiment of the invention, vector constructs are provided for 
the expression substances such as inhibiting peptides or proteins specific for viral 
protease. Viral protease cleaves the viral gag and gag/pol proteins into a number of 

20 smaller peptides. Failure of this cleavage in all cases leads to complete inhibition of 

production of infectious retroviral particles. The HIV protease is known to be an aspartyl 
protease, and these are known to be inhibited by peptides made from amino adds from 
protein or analogues. Vector constructs that inhibit HIV will express one or multiple 
fused copies of such peptide inhibitors. 

25 Administration of the vector constructs discussed above in an appropriate 

gene delivery vehicle should be effective against many virally linked diseases, cancers, or 
other pathogenic agents. 

Within still other embodiments of the invention, vector constructs are 
provided that code for the expression of a palliative, wherein the palliative has a 

30 membrane anchor and acts as an anti-tumor agent(s). Such a palliative may be 

constructed, for example, as an anti-tumor agent - membrane anchor fusion protein. 
Briefly, the membrane anchor aspect of the fusion protein may be selected from a variety 
of sequences, including, for example, the transmembrane domain of well known 
molecules. Generally, membrane anchor sequences are regions of a protein that bind the 

35 protein to a membrane. "Customarily, there are two types of anchor sequences that attach 
a protein to the outer surface of a cell membrane: (1) transmembrane regions that span 
the lipid bilayer of the cell membrane, and interact with the hydrophobic center region 
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(protons containing such regions are referred to integral membrane proteins), and 
(2) domains which interact with an integral membrane protein or with the polar surface of 
the membrane (such proteins are referred to as peripheral, or extrinsic, proteins). 
However, a protein can also be covalently anchored directly to a lipid component of the 
5 cell membrane. 

Membrane anchors for use within the present invention may contain 
transmembrane domains which span the membrane one or more times. For example, in 
grycophorin and guanyryl cyclase, the membrane binding region spans the membrane once, 
whereas the transmembrane domain of rhodopsin spans the membrane seven times, and 

10 that of the photosynthetic reaction center of Rhodopseudomonas viridis spans the 
membrane eleven times (see Ross et al., J. Biol Chem. 257:4152, 1982; Garbers, 
Phamtac Ther. 50:337-345, 1991; Engelrnan et al., Proc. Natl. Acad Sci. USA 77:2023, 
1980; Heijne and Manoil, Proi. Eng. 4:109-1 12, 1990). Regardless of the number of 
times the protein crosses the membrane, the membrane spanning regions typically have a 

15 similar structure. More specifically, the 20 to 25 amino-acid residue portion of the 
domain that is located inside the membrane generally consists almost entirely of 
hydrophobic residues (see Eisenberg et al., Arm. Rev. Biochem. 53:595*623, 1984). For 
example, 28 of the 34 residues in the membrane spanning region of grycophorin are 
hydrophobic (see Ross et al., supra, Tomita et al., Biochemistry 77:4756-4770, 1978). Li 

20 addition, although structures such as beta sheets and barrels do occur, the membrane 
spanning regions typically have an alpha helical structure, as determined by X-ray 
diffraction, crystallography and cross-linking studies (see Eisenberg et al.^upra; Heijne 
and Manoil, supra). The location of these transmembrane helices within a given sequence 
can often be predicted based on hydrophobicity plots. Stryer et al, Biochemistry, 3rd. ed. 

25 304, 1988. Particularly preferred membrane anchors for use within the present invention 
include naturally occurring cellular proteins (that are non-immunogenic) which have been 
demonstrated to function as membrane signal anchors (such as glycophorin). 

Within a preferred embodiment of the present invention, a vector construct 
is provided which encodes a membrane anchor - gamma interferon fusion protein. Within 

30 one embodiment, this fusion protein may be constructed by genetically fiising the 

sequence which encodes the membrane anchor of the gamma-chain of the Fc receptor, to 
a sequence which encodes gamma-interferon. 

In yet another embodiment, vector constructs are provided which have a 
therapeutic effect by encoding one or more ribozymes (RNA enzymes) (Haseloff and 

35 Gerlach, Nature 554:585, 1989) which will cleave, and hence inactivate, RNA molecules 
corresponding to a pathogenic fiinction. Since ribozymes function by recognizing a 
specific sequence in the target RNA and this sequence is normally 12 to 17 bp, this allows 
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specific recognition of a particular RNA sequence corresponding to a pathogenic state, 
such as HIV tat, and toxicity is specific to such pathogenic state. Additional specificity 
may be achieved in some cases by making this a conditional toxic palliative, as discussed 
above. 

5 In still another embodiment, vector constructs are provided comprising a 

biologically active nucleic acid molecule that is an antisense sequence (an antisense 
sequence may also be encoded by a nucleic acid sequence and then produced within a host 
ceil via transcription). In preferred embodiments, the antisense sequence is selected from 
the group consisting of sequences which encode influenza virus, HIV, HS V, HPV, CMV, 

10 andHBV. The antisense sequence may also be an antisense RNA complementary to 

RNA sequences necessaiy for pathogenicity. Alternatively, the biologically active nucleic 
add molecule may be a sense RNA (or DNA) complementary to RNA sequences 
necessaiy for pathogenicity. 

More particularly, the biologically active nucleic acid molecule may be an 

15 antisense sequence. Briefly, antisense sequences are designed to bind to RNA transcripts, 
and thereby prevent cellular synthesis of a particular protein, or prevent use of that RNA 
sequence by the cell. Representative examples of such sequences include antisense 
thymidine kinase, antisense dihydrofblate reductase (Maher and Dolnick, Arch. Biochent 
dBiophys. 253:214-220, 1987; Bzik et aL, PNAS W:8360-S364, 1987), antisense HER2 

20 (Coussens et al., Science 230: 1 132-1 139, 1985), antisense ABL (Fainstein et aL, 

Oncogene 4:1477-1481, 1989), antisense Myc (Stanton et al., Nature 370:423-425, 1984) 
and antisense ras> as well as antisense sequences which block any of the enzymes in the 
nucleotide biosynthetic pathway. 

In addition, within a further embodiment of the invention antisense RNA 

25 may be utilized as an anti-tumor agent in order to induce a potent Class I restricted 
response. Briefly, in addition to binding RNA and thereby preventing translation of a 
specific mRNA, high levels of specific antisense sequences are believed to induce the 
increased expression of interferons (including gamma-interferon), due to the formation of 
large quantities of double-stranded RNA. The increased expression of gamma interferon, 

30 in turn, boosts the expression of MHC Class I antigens. Preferred antisense sequences for 
use in this regard include actin RNA, myosin RNA, and histone RNA. Antisense RNA 
which forms a mismatch with actin RNA is particularly preferred 

In another embodiment, the substances of the invention include a surface 
protein that is itself therapeutically beneficial. For example, in the particular case of HIV, 

35 expression of the human CD4 protein specifically in HIV-infected cells may be beneficial 
in two ways: 
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L Binding of CD4 to HIV env intracellular^ could inhibit the 
formation of viable viral particles much as soluble CD4 has been shown to 
do for fiee virus, but without the problem of systematic clearance and 
possible immunogenicity, since the protein will remain membrane bound and 
5 is structurally identical to endogenous CD4 (to which the patient should be 

immunologically tolerant). 

2. Since the CD4/HTV env complex has been implicated as a 
cause of cell death, additional expression of CD4 (in the presence of excess 
HIV-env present in HIV-infected cells) leads to more rapid cell death and 
10 thus inhibits viral dissemination. This may be particularly applicable to 

monocytes and macrophages, which act as a reservoir for virus production 
as a result of their relative refractility to HIV-induced cytotoxicity (which, in 
turn, is apparently due to the relative lack of CD4 on their cell sur&ces). 
Still further embodiments of the present invention relate to vector 
15 constructs capable of immunostimulation. Briefly, the ability to recognize and defend 
against foreign pathogens is essential to the fonction of the immune system. In particular, 
the immune system must be capable of distinguishing "self from "nonself' (Le., foreign), 
so that the defensive mechanisms of the host are directed toward invading entities instead 
of against host tissues. Cytolytic T lymphocytes (CTLs) are typically induced, or 
20 stimulated, by the display of a cell surface recognition structure, such as a processed, 
pathogen-specific peptide, in conjunction with a MHC class I or class n cell surfece 
protein. 

Diseases suitable to treatment by immunostimulation include viral 
infections such as influenza virus, respiratory syncytial virus, HPV, HBV, HCV, EB V, 
25 HIV, HSV, FeLV, FIV, Hantavirus, HTLV I, HTLV H and CMV, cancers such as 

melanomas, renal carcinoma, breast cancer, ovarian cancer and other cancers, and heart 
disease. 

In one example of this embodiment, the invention provides methods for 
stimulating a specific immune response and inhibiting viral spread by using vector 

30 constructs that direct the expression of an antigen or modified form thereof in susceptible 
target cells, wherein the antigen is capable of either (1) initiating an immune response to 
the viral antigen or (2) preventing the viral spread by occupying cellular receptors 
required for viral interactions. Expression of the protein may be transient or stable with 
time. Where an immune response is to be stimulated to a pathogenic antigen, the vector 

35 construct is preferably designed to express a modified form of the antigen which will 

stimulate an immune response and which has reduced pathogenicity relative to the native 
antigen. This immune response is achieved when cells present antigens in the correct 
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kteraction of the antigen-specific T cell receptor with peptides which are bound to major 
histocompatibility complex (MHC) molecules, and the second signal, referred to as 
costimulation, is delivered to the T cdl by sntigen presenting cells. The second signal fe 
required for interleukin-2 (EL-2) production by T cells, and appears to involve interaction 

5 of the B7.1-.3 molecule on antigen-presenting cells with CD28 and CTLA-4 receptors on 
T lymphocytes (Unsley et al, J. Exp. Med, /7J:721-730, 1991a and J. Exp. Med, 
1 74:561 -570, 1991). Within one embodiment of the invention, B7. 1-.3 may be 
introduced into tumor cells in order to cause costimulation of CDS* T cells, such that the 
CB8+T cells produce enough XL-2 to expand and become fully activated. These CDS* 

10 T cells can kill tumor cells that are not expressing B7 because costimulation as no longer 
required for further CTL&nction. Vectors that express both the costimulatory B7. K3 
factor, sad, for example, an immunogenic HB V core protein, may be made utilizing 
methods which are described herein. Cells transduced with these vectors will become 
more effective antigen presenting cells. The HB V core-specific CTL response will be 

13 augmented from the My activated CD8 + T cell via the costimulatoiy ligand B7.K3. 

The choice of which immunomodulatory factor to use may be based upon 
known therapeutic effects of the factor, or, ©qjerimentally determined. For example a 
known therapeutic effector in chronic hepatitis B infections is alpha interferon. This has 
been found to be efficacious in compensating a patient's immunological deficit, and 

20 therd>y assisting recovery from the disease. Alternatively, a suitable immunomodulatory 
factor may be experimentally determined. Briefly, blood samples are first taken from 
patients with a hepatic disease. Peripheral blood lymphocytes (PBLs) are restiinulated 
m vitro with autologous or HLA matched cells (e.g., EBV transformed cells) that have 
been transduced with a recombinant retrovirus which directs the expression of an 

25 immunogenic portion of a hepatitis antigen and the immunomodulatory factor. These 
stimulated PBLs are then used as effectors in a CTL assay with the HLA matched 
transduced cells as targets. An increase in CTL response over that seen in the same assay 
performed using HLA matched stimulator and target cells transduced with a vector 
encoding the antigen alone, indicates a useful immunomodulatory factor. Within one 

30 embodiment of the invention, the immunomodulatory factor gamma interferon is 
particularly preferred. 

The present invention also includes vector constructs which encode 
immunogenic portions of desired antigens including, for example, viral, bacterial or 
parasite antigens. For example, various immunogenic portions of theHBV S antigens 

35 may be combined in order to present an immune response when administered by one of 
the recombinant retroviruses described herein. In addition, due to the large 
immunological variability that is found in different geographic regions for the S antigen 
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opeai reading frame ofHBV, particular combinations of antigens may be preferred for 
administration in particular geographic regions. Briefly, epitopes that are found in all 
human hepatitis B virus S samples are defined as determinant W. Mutually exclusive 
subtype determinants however have also been identified by two-dimensional double 

5 immunodiffusion (Ouchterlony, Progr. Allergy 5:1, 1958). These determinants have been 
designated °<f or y and V or V (LeBouvier, J. Infect 223:671, 1971; Bancroft et aL, 
J. Immunol 700*42, 1972; Courouce et aL, Bill Haematol 42:1=158, 1976). The 
immunological variability is due to angle nucleotide substitutions in two areas of the 
hepatitis B virus S antigen open reading frame resulting in the following amino acid 

10 changes: (1) exchange of lysine-122 to arginrae in the hepatitis B virus S antigen open 
reading frame causes a subtype shift from dtoy, and (2) exchange of argimne-160 to 
lysinecauses the shift from subtype r tow. In black Africa, subtype qyw is predominant, 
whereas in the U.S. and northern Europe the subtype adwx is more abundant (Molecular 
Biology of the Hepatitis B Vims, McLachlan (ed.), CRC Press, 1991). As will be evident 

15 to one of ordinary skill in the art, it is generally preferred to construct a vector for 

administration which 5s appropriate to the particular hepatitis B virus subtype which is 
prevalent in the geographical region of administration. Subtypes of a particular region 
may be determined by two-dimensional double immunodifiusion or, preferably, by 
sequencing the S antigen open reading frame ofHBV virus isolated from individuals 

20 within that region. 

Also presented by HBV are pol ("HBV pol"), OSF 5, and OKF 6 antigens. 
Briefly, the polymerase open reading frame ofHBV encodes reverse transcriptase activity 
found in virions and core-like particles in infected liver tissue. The polymerase protein 
consists of at least two domains: the amino terminal domain encodes the protein that 

25 primes reverse transcription, and the carboxyl terminal domain which encodes reverse 
transcriptase and KNase H activity. Immunogenic portions ofHBV pol may be 
administered to a warm-blooded animal by introducing into the animal a recombinant 
retrovirus which expresses the antigen of interest in order to generate an immune 
response within the animal. Similarly, other HB V antigens such as ORF 5 and OKF 6, 

30 (Miller et at, Hepatology 0:322-327, 1989), may be expressed utilizing vector constructs 

as described herein. 

As noted above, at least one immunogenic portion of a hepatitis B antigen 
can be incorporated into a vector construct. The immunogenic portions) which are 
incorporated into the vector construct may be of varying length, although it is generally 
35 preferred that the portions be at least 9 amino acids long, and may include the entire 

antigen. Immunogenicity of a particular sequence is often difficult to predict, although T 
cell epitopes may be predicted utilizing the HLA A2. 1 motif described by Falk et al. 
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(Nature 35i:290, 1991). From this analysis, peptides may be synthesized and used as 
targets in mm vitro cytotoxic assay. Other assays, however, may also be utilized, 
including, for example, EOSA which detects the presence of antibodies against the newly 
introduced vector, m well as assays which test for T helper cells, such as gamms- 

5 interferon assays, TL»2 production assays, and proliferation assays. 

Within one embodiment of the present invention, at least one immunogenic 
portion of a hepatitis C antigen can be incorporated into a vector construct destined for 
position-specific integration. Preferred immunogenic portion(s) of hepatitis C may be 
found in the C and NS3-NS4 regions since these regions are the most conserved among 

10 various types of hepatitis C virus (Houghton et al., Hepatology 74:381-388, 1991). 

Particularly preferred immunogenic portions may be determined by a variety of methods. 
For example, as noted above for the hepatitis B virus, identification of immunogenic 
portions of the polypeptide may be predicted based upon amino add sequence. Briefly, 
various computer programs which are known to those of ordinary skill in the art may be 

13 utilized to predict CTL epitopes. For example, CTL epitopes for the HLA A2. 1 

haplotype may be predicted utilizing the HLA A2.1 motif described by Falk et al. (Natwv 
351:290, 1991). From this analysis, peptides are synthesized and used as targets in an m 
vitro cytotoxic assay. 

Within another aspect of the present invention, methods sue provided for 

20 destroying hepatitis B carcinoma cells comprising the step of administering to a warm- 
blooded animal a gene delivery vehicle comprising a vector construct which directs the 
expression of an immunogenic portion of antigen X, such that an immune response is 
generated. Sequences which encode the HBxAg may readily be obtained by one of skill in 
.the art given the disclosure provided herein. Briefly, within one embodiment of the 

25 present invention, a 642 bp Nco I-Taq I is recovered from ATCC 45020, and inserted into 
recombinant retroviruses as described above for other hepatitis B antigens. 

The X antigen, however, is a known transactivator which may fraction in a 
manner similar to other potential oncogenes El A). Thus, it is generally preferable 
to first alter the X antigen such that the gene product is non-tumorigenic before inserting 

30 it into a recombinant retrovirus. Various methods may be utilized to render the X antigen 
non-tumorigenic including, for example, by truncation, point mutation, addition of 
premature stop codons, or phosphorylation site alteration. Within one embodiment, the 
sequence or gene of interest which encodes the X antigen is truncated. Truncation may 
produce a variety of fragments, although it is generally preferable to retain greater than or 

35 equal to 50% of the encoding gene sequence. In addition, it is necessary that any 
truncation leave intact some of the immunogenic sequences of the gene product. 
Alternatively, within another embodiment of the invention, multiple translational 
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termination codons may be introduced into the gene. Insertion of termination codons 
prematurely terminates protein expression, thus preventing expression of the transforming 

portion of the protein. 

The X gens or modified versions thereof may be tested for tumorigenicsty 
5 in & variety of ways. Representative assays include tumor formation in nude mice, colony 
formation in soft agar, and preparation of transgenic animals, such as transgenic mice. 

Within another aspect of the present invention, methods are provided for 
destroying hepatitis C carcinoma cells comprising the step of administering to a warm- 
blooded ammal a recombinant retrovirus which directs the expression of an immunogenic 
10 portion of a hepatitis C antigen. Preferred immunogenic portions) of a hepatitis C 
antigen may be found in the polypeptide which contains the Core antigen and the NS1- 
NS5 regions (Choo et al, Proc Natl Acad. ScL USA 55:2451-2455, 1991). Particularly 
preferred immunogenic portions may be determined by a variety of methods. For 
example, as noted above preferred immunogenic portions may be predicted based upon 
15 amino acid sequence. Briefly, various computer programs which are known to those of 
ordinary skill in the art may be utilized to predict CTL epitopes. For example, CTL 
epitopes for the HLA A2.1 haplotype may be predicted utilizing the HLA A2.1 motif 
described by Falk et al. {Nature 35i:290, 1991). Another method that may also be 
utilized to predict immunogenic portions is to determine which portion has the property of 
20 CTL induction in mice utilizing retroviruses {see, Warner et aL, AIDS Res. and Human 
Retroviruses 7:645-655, 1991). As noted within Warner et aL, CTL induction in mice 
may be utilized to predict cellular immunogenicity in humans. Preferred immunogemic 
portions may also be deduced by determining which fragments of the polypeptide antigen 
or peptides are capable of inducing lysis by autologous patient lymphocytes of target cells 
25 (e.g., autologous EBV-transformed lymphocytes) expressing the fragments after vector 
transduction of the corresponding genes. 

Preferred immunogenic portions may also be selected in the following 
manner. Briefly, blood samples from a patient with a target disease, such as HCV, are 
analyzed with antibodies to individual HCV polypeptide regions {e.g., HCV core, El, 
30 E2/SNI and NS2-NS5 regions), in order to determine which antigenic fragments are 

present in the patient's serum. In patients treated with alpha interferon to give temporary 
remission, some antigenic determinants will disappear and be supplanted by endogenous 
antibodies to the antigen. Such antigens are useful as immunogenic portions within the 
context of the present invention (Hayata et al, Hepatology J3:1022-1028, 1991; Davis 
35 etal.,iV:f>ig.J.Me^32/:150M506, 1989). 

Additional immunogenic portions of a chosen antigen, such as those from 
the hepatitis B or C virus, may be obtained by truncating the coding sequence. For 
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example, with HBV the following shes may be truncated: Bst UI, Ssp X, Ppu Ml, and 
Msp I (Valenzuela et aL, Nature 250:815-19, 1979; Valenzuela et aL, Animal Virus 
Genetics: ICN/UCLA Symp. Mol Cell Biol, 1980, B. N. Fields and R. Jaenisch (eds.), 
pp. 57-70, New York: Academic). Further methods for determining suitable 
5 immunogenic portions as well as methods are also described below in the context of 
hepatitis C. 

With respect to the treatment of HBV, particularly preferred immunogenic 
portions for incorporation into recombinant retroviruses include HBeAg, HBcAg, and 
HBsAgs. Further, more than one immunogenic portion (as well as immunomodulatory 

10 factors, if desired) may be incorporated into the vector construct. For ©sample, within 
one embodiment a vector construct may be prepared which directs the co-expression of 
both an immunogenic portion of the hepatitis B antigen, as well as an immunogenic 
portion of the hepatitis C polypeptide. Such constructs may be administered w order to 
prevent or treat acute and chronic hepatitis infections of either type B or C. Similarly, 

15 within other embodiments, a vector construct may be prepared which directs the co- 
expression of both an immunogenic portion of the hepatitis B X antigen, as well as an 
immunogenic portion of the hepatitis C polypeptide. Such a construct may similarly be 
administered in order to treat hepatocellular carcinoma that is associated with either 
hepatitis B or C. In addition, because those individuals chronically infected with hepatitis 

20 B and C are at higher risk for developing hepatocellular carcinoma, such a vector may 
also be utilized as a prophylactic treatment for the disease. 

famunogenic portions may also be selected by other methods. For 
example, the HLA A2. 1/K b transgenic mouse has been shown to be useful as a model for 
human T-cell recognition of viral antigens. Briefly, in the influenza and hepatitis 3 viral 

25 systems, the murine T-ceil receptor repertoire recognizes the same antigenic determinants 
recognized by human T-cells. In both systems, the CTL response generated in the HLA 
A2. 1/K.b transgenic mouse is directed toward virtually the same epitope as those 
recognized by human CTLs of the HLA A2. 1 haplotype (Viiiello et aL, X Esq?. Med 
775:1007-1015, 1991; VitieUo et aL, Abstract of Molecular Biology of Hepatitis B Virus 

30 Symposia, 1992). 

Immunogenic proteins of the present invention may also be manipulated by 
a variety of methods known in the art, in order to render them more immunogenic. 
Representative examples "of such methods include: adding amino acid sequences that 
correspond to T helper epitopes; promoting cellular uptake by adding hydrophobic 

35 residues; by forming particulate structures; or any combination of these (see generally, 
Hart, op. tit., Mffich et aL, Proa Nail Acad ScL USA 55:1610-1614, 1988; Willis, 
Nature 340:323-324, 1989; Griffiths et aL, J. Virol (55:450-456, 1991). 
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The present invention also includes compositions and methods for treating, 
as well as vaccines for preventing, various feline diseases, including for example feline 
leukemia vims ("FeLV") and feline immunodeficiency virus ("FW") infections. These 
viruses are discussed more fully in PCT application number US 93/09070. 

5 Briefly, feline leukemk virus (FeLV) is a retrovirus of tiie oncomaviruo 

subfemily. FeLV is presently believed to exist in three subgroups - A, B or C - which are 
differentiated by their envelope antigens gp70 and p!5E. FeLV is also comprised of a 
number of core antigens, including pi 5, pl2, p27, and plO, which are highly conserved 
for all subgroups of FeLV (see Geering et aL, Vir. 36:678-680, 1968; Hardy et aL, 

10 JAVMA /JS: 1060-1069, 1971; Hardy et al., Science 766:1019-1021, 1969). Within one 
embodiment of the invention, the vector constructs directs the expression of at least one 
portion of a feline leukemia virus antigen selected from the group consisting of pi 5^, 
p!2gag, p27,gog, pWgag, plApol, p8QpoJ, p46po/, gp70ewv, and plSenv. Within a 
particularly preferred embodiment, the vector construct directs the expression of gp85em>. 

15 Sequences which encode these antigens may be readily obtained given the disclosure 
provided herein (see Donahue et al., J. Vir. 62(3):722-731, 1988; Stewart et al., J. Vir. 
5S(3):825-834, 1986; Kumar et aL, J. Vir. 63(5):23 79-23 84, 1989; Elder et al., J. Vir. 
46*(3):871-880, 1983; Berry et al., J. Vir. 62(10):363 1-3641, 1988; Laprevotte et al., J. 
Vir. J0(3):884-894, 1984). 

20 Feline immunodeficiency virus (FTV) has been classified as a retrovirus of 

the lentiviius subfamily, based upon the magnesium requirement for reverse transcriptase 
(RT) and the morphology of viral particles (see Pederesen et al., Science 235:790-793, 
1987). The feline immunodeficiency virus is morphologically and antigenically distinct 
from other feline retroviruses, including feline leukemia virus, type C oncoraa virus (RD- 

25 1 14), and feline syncytium-forming vims (FeSFV) (see Yamamoto et al., "Efficacy of 
experimental FTV vaccines, (Abstract), First International Conference of Feline 
Immunodeficiency Vims Researchers, University of California, Davis, CA, Sep. 4-7, 
1991). Within one embodiment of the invention, the vector construct directs the 
expression of at least one immunogenic portion of an feline immunodeficiency virus 

30 antigen selected from the group consisting of pi Sgag, tflAgag, pl0ga& pWpol, p62po/, 
p\5pol and p36>o/. Within a particularly preferred embodiment, the vector construct 
directs the expression of gp68em>, gp27ewv and rev. Within the context of the present 
invention, "rev" is understood to refer to the antigen corresponding to the rev open 
reading frame (see, Phillips et al., First International Conference, supra). Sequences 

35 which encode these antigens may be readily obtained by one of skill in the art given the 
disclosure provided herein (see Phillips et al., J. Vir. <W(10):4605-4613, 1990; Olmsted et 
al., PNAS 56:2448-2452, 1989; Talbott et al., PNAS 56:5743-5747, 1989). 
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Still other examples include vector constructs which direct the expression 
of a non-iumorigenic, altered genes such m the ras (ras*) gene (see WO 93/10814; 
U.S.S.N. 08/367,071, wjpra), an altered p53 (p53°) gene (linzer and Lewke, Off 77:43- 
52, 1979; Lane and Crawford, Nature 275:261-263, 1979; Hinds et at, J. Virol 65:739- 
5 746, 1989; XLS.S.N. 08/367,071, sx^pra), an altered H> (Rb°) gene (Friend ct aL, Jtoto* 
525:643, 1986; Lee et aL, &fe»o* 255:1394, 1987; Fung et al., Scfejace 236:1657, 1987; 
U.S.S.K 08/367,071, :s&pra), m altered gene which causes Wilms 1 tumor (Call et aL, Cell 
60:509, 1990; Gessler et al, Nature 545:744, 1990; Rose et aL, CeU 60:495, 3990; Haber 
et aL, Cell 67:1257, 1990; ILS.S.N. 08/367,071, aapra), an altered mucin gene (Giriing 

10 et al., InL J. Cancer 4*1072-1076, 1989; Gendler et al., J. Biol Chem. 265(25): 15286- 
15293, 1990; Lan et aL, J. Biol Chem. 265(25): 15294- 15299, 1990; Ligtenberg et al., 
J. Biol Chem. 265:5573-5578, 1990; Jerome et aL, Cancer Res. 57:2908-2916, 1991; 
and U.S.S.N. 08/367,071, supra), an altered DCC (deleted in colorectal carcinomas) 
gene (reviewed by Edelmaa in Biochem 27:3533-3543, 1988; Solomon, Nature 545:412- 

15 414, 1990; Fearon et aL, Science 247:49-56, 1990; U.S.S.N. 08/367,071, ^pm), a MCC 
(mutated in colorectal cancer) or APC. Both MCC and APC gene (Kinder et al., Science 
257:1366-1370, 1991; Nishiho et al., Science 255:665-669, 1991), an altered cellular 
receptor, including, for example, neu and mutated or altered forms of the thyroid 
hormone receptor, the PDGF receptor, the insulin receptor, the InterieuMn receptors 

20 (e.g., IL-1, -2, -3, etc. receptors), or the CSF receptors, such as the G-CSF, GM-C&F, or 
M-CSF receptors ( XJ.S.S JSL 08/367,071, supra, Slamon et al., Science 244:101-112, 
1989; Slamon et al., Cancer Cells 7:371-380, 1989; Sfaih et al., Nature 290:261, 1981; 
Schechter, Nature 572:513, 1984; Coussens et aL, Science 250:1 132, 1985; Leduc et aL, 
Am. X Hum. Genet 44:282-287, 1989). Alterations in such receptor result in the 

25 production of protein(s) (or receptors) containing novel coding sequence(s). The novel 
protein(s) encoded by these sequence(s) may be used as a marker of tumorigenic cells, 
and an immune response directed against these novel coding regi on(s) may be utilized to 
destroy tumorigenic cells containing the altered sequences) or gene(s). 

If the altered cellular component is associated with making the cell 

30 tumorigenic, then, it is necessary to make the altered cellular component non-tumorigemc. 
For example, within one embodiment, the sequence or gene of interest which encodes the 
altered cellular component is tmncated in order to render the gene product non- 
tumorigenic. The gene encoding the altered cellular component may be truncated to a 
variety of sizes, although it is preferable to retain as much as possible of the altered 

35 cellular component. In addition, it is necessary that any truncation leave intact at least 
some of the immunogenic sequences of the altered cellular component. Alternatively, 
multiple translations! termination codons may be introduced into the gene which encodes 
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the altered cellular component, downstream of the immunogenic region. Insertion of 
termination codons will prematurely terminate protein expression, thus preventing 
expression of the transforming portion of the protein. See U.S.S.N. 08/367,071, supra. 
It should be noted, however, that if the altered cellular component is only associated with 
5 non-tumorigeaic cells in general, and is not required or essential for making the sell 
tumorigenic, then it is not necessary to render the cellular component nm-tumorigenic. 
Representative examples of such altered cellular components which are snot tumotigestie 
include Rb°, ubiquitin 0 , and mucin 0 . 

As noted above, in order to generate an appropriate immune response, the 
10 altered cellular component must also be immunogenic. Imraunogenidty of a particular 
sequence is often difficult to predict, although T cell epitopes often possess an 
immunogenic ampbipathic alpha-helix component. In general, however, it is preferable to 
determine immunogenic^ in an assay. Representative assays include an ELXS A which 
detects the presence of antibodies against the newly introduced vector, as well as assays 
15 which test for T helper cells such as gamma-interferon assays, IL-2 production assays, 
and proliferation assays. A particularly preferred method for determining immunogemrity 
is the CTL assay. See U.S.S.N. 08/367,071, sapra), 

Once a sequence encoding at least one anti-tumor agent has been obtained, 
it is preferable to ensure that the sequence encodes a non-tumorigenic protein. Various 
20 assays are known and may easily be accomplished which assess the tumorigenicity of a 
particular cellular component. Representative assays include tumor formation in nude 
mice or rats, colony formation in soft agar, and preparation of transgenic animals, such as 
transgenic mice. 

For this and many other aspects of the invention, tumor formation in nude 
25 mice or rats is a particularly important and sensitive method for determining the 

tumorigenicity of an anti-tumor agent. Nude mice lack a functional cellular immune 
system (i.e., do not possess CTLs), and therefore provide a useful in vivo model in which 
to test the tumorigenic potential of cells. Normal non-tumorigenic cells do not display 
uncontrolled growth properties if injected into nude mice. However, transformed cells 
30 will rapidly proliferate and generate tumors in nude mice. Briefly, in one embodiment the 
vector construct encoding the altered cellular component is delivered to syngeneic murine 
cells, followed by administration into nude mice. The mice are visually examined for a 
period of 2 to 8 weeks after administration in order to determine tumor growth. The mice 
may also be sacrificed and autopsied in order to determine whether tumors are present. 
35 (GovaneUa6taL,J.Mrf/. Cancer Inst 45:1531-1533, 1972; Furesz et al., 

"Tumorigenicity testing of cell lines considered for production of biological drugs," 
Abnormal Cells, New Products and Risk, Hopps and Petricciani (eds.), Tissue Culture 
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Association, 1985; and Levenbook et aL, J. Biol Std ii:135-141, 1985). Twmorigeaidty 
may also be assessed by visualizing colony formation in soft agar (MacPherson and 
Montagnier, Vir. 23:291-294, 1964). Briefly, one property of normal mon-tumorigenlc 
cells is "contact inhibition" (U.> cells will stop proliferating when they touch neighboring 

5 cells). If cells are plated in a semi-solid agar support medium, normal cells jrapidly 

become contact inhibited and stop proliferating, whereas tumorigenic ceils will continue 
to proliferate and fonn colonies in soft agar. 

Transgenic animals, such as transgenic mice, may also be utilized to assess 
the tumorigenidty of an anti-tumor agent (e.g., Stewart et aL, Cell 35:627-637, 1984; 

10 Quaife et aL, Cell 45:1023-1034, 1987; and Koike et aL, Proa Natl Acad. Set. USA 

55:5615-5619, 1989). In transgenic animals, the gene of interest may be expressed in all 
tissues of the animal. This unregulated expression of the transgene may serve as a model 
for the tumorigenic potential of the newly introduced gene. 

In addition to tumorigenictty studies, it is generally preferable to determine 

15 the toxicity of a gene delivery vehicle prior to administration. A variety of methods well 
known to those of skill in the art may be utilized to measure such toxicity, including for 
example, clinical chemistry assays which measure the systemic levels of various proteins 
and enzymes, as well as blood ceil volume and number. 

The present invention also provides vector constructs encoding one or 

20 more gene products capable of immune down-regulation Briefly, specific down- 
regulation of inappropriate or unwanted immune responses, such as in autoimmune or 
pseudo-autoimmune diseases such as chronic hepatitis, diabetes, rheumatoid arthritis, 
graft vs. host disease and Alzheimer's, or in transplants of heterologous tissue such as 
bone marrow, can be engineered using immune-suppressive viral gene products, or active 

25 portion thereof which suppress surface expression of transplantation (MHC) antigen. 

Within the present invention, an "active portion 0 of a gene product is that fragment of the 
gene product which must be retained for biological activity. Such fragments or active 
domains can be readily identified by systematically removing nucleotide sequences from 
the protein sequence, transforming target cells with the resulting vector construct, and 

30 determining MHC class I presentation on the surface of cells using FACS analysis or 

other immunological assays, such as a CTL assay. These fragments are particularly useful 
w hen the size of the sequence encoding the entire protein exceeds the capacity of the viral 
carrier. Alternatively,, the active domain of the MHC antigen presentation inhibitor 
protein can be enzymatically digested and the active portion purified by biochemical 

35 methods. For example, a monoclonal antibody that blocks the active portion of the 

protein can be used to isolate and purify the active portion of the cleaved protein (Harlow 
et aL, Antibodies: A Laboratory Manual, Cold Springs Harbor, 1988). 
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For example, suppression is effected by specifically inhibiting the activation 
of display of processed peptides in the context of self MHC molecules along with 
accessory molecules such as CDS, intercellular adhesion molecule -1 (ICAM-1), ICAM-2, 
ICAM-3, leukocyte functional antigen-1 (LFA-1) (Ahmann et al., Nature 338:521, 1989), 

5 the B7.1-.3 molecule (Freeman et al., J, Immunol i 43:2714, 1989), LFA-3 (Singer, 
Seisms 255:1671, 1992; Rao, Crit Rev. Immunol 10:495, 1991), or other cell adhesion 
molecules. Antigenic peptide presentation in association with MHC class I molecules 
leads to CTL activation. Transfer and stable integration of specific sequences capable of 
expressing products expected to inhibit MHC antigen presentation block activation of T- 

10 cells, such as CD8 + CTL, and therefore suppress graft rejection. A standard CTL assay 
may be utilized in order to detect this response. Components of the antigen presentation 
pathway include the 45 Kd MHC class I heavy chain, ^-microglobulin, processing 
enzymes such as proteases, accessory molecules, chaperones such as calnexin 
(Gaczynska, et a!., Nature, 365: 264-282, 1993), and transporter proteins such as PSF1, 

15 TAP1 and TAP 2 (Driscoll, et al., Nature, 365: 262-263, 1993). 

In an alternative example, vector constructs are provided which direct the 
expression of a gene product or an active portion of a gene product capable of binding bj- 
microglobulin. Briefly, transport of MHC class I molecules to the cell surface for antigen 
presentation requires association with ^-microglobulin. Thus, protons that bind bj- 

20 microglobulin and inhibit its association with MHC class I indirectly inhibit MHC class I 
antigen presentation. Suitable proteins include the H301 gene product Briefly, the H301 
gene, obtained from the human cytomegalovirus (CMV) encodes a glycoprotein with 
sequence homology to the ^-microglobulin binding site on the heavy chain of the MHC 
class I molecule (Browne et al., Nature 347:110, 1 990). H301 binds ^-microglobulin, 

25 thereby preventing the maturation of MHC class I molecules, and renders transformed 
cells unrecognizable by cytotoxic T-cells, thus evading MHC class I restricted immune 
surveillance. 

Watthin another embodiment, vector constructs are provided which direct 
the expression of a protein or active portion of a protein that binds to newly synthesized 

30 MHC class I molecules intracellularly. Alternatively, antisense RNA or ribozymes which 
inhibit translation of MHC class I proteins are encoded by the vector construct. These 
activities prevent migration of the MHC class I molecule from the endoplasmic reticulum, 
resulting in the inhibition of terminal glycosylation. This blocks transport of these 
molecules to the cell surface and prevents cell recognition and lysis by CTL. For instance, 

35 one of the products oftheE3 gene may be used to inhibit transport of MHC class I 

molecules to the surface of the transformed cell. More specifically, E3 encodes a 19 kB 
transmembrane glycoprotein, E3/I9K, transcribed from the B3 region of the adenovirus 2 
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genome. Within the context of the present invention, tissue cells are transformed with a 
vector construct containing the E3/19K sequence, which upon expression produces th© 
E3/19K protein. The E3/19K protein inhibits the surface expression of MHC class I 
surface molecules, and cells transformed by the recombinant retrovirus evade an immune 

5 response. Consequently, donor cells can be transplanted with reduced risk of graft 
rejection and may require only a minimal immunosuppressive regimen for the transplant 
patient. This allows an acceptable donor-recipient chimeric state to exist with fewer 
complications. Similar treatments may be used to treat the range of so-called autoimmune 
diseases, including systemic lupus erythematosus, multiple sclerosis, iheumatoid arthritis 

10 or chronic hepatitis B infection. 

Another alternative method of immunosuppression involves the uss of 
antisense message, ribozyme, or other gene expression inhibitor specific for T-cell donss 
which are autoreactive in nature. These block the expression of the T-cell receptor of 
particular unwanted clones responsible for an autoimmune response. The antisense, 

15 ribozyime, or other gene may be introduced using a gene delivery vehicles. 

Other proteins, not discussed above, that function to inhibit, suppress or 
down-regulate MHC class I antigen presentation (MHC class II presentation) may also be 
identified and utilized within the context of the present invention. In order to identify 
such proteins, in particular those derived from mammalian pathogens (and, in turn, active 

20 portions thereof), a recombinant retrovirus that expresses a protein or an active portion 
thereof suspected of being capable of inhibiting MHC class I antigen presentation is 
transformed into a tester cell line, such as BC. The tester cell lines with and without the 
sequence encoding the candidate protein are compared to stimulators and/or targets in the 
CTL assay. A decrease in cell lysis corresponding to the transformed tester cell indicates 

25 that the candidate protein is capable of inhibiting MHC presentation. 

Many infectious diseases, cancers, autoimmune diseases, and other 
diseases involve the interaction of viral particles with cells, cells with cells, or cells with 
factors. In viral infections, viruses commonly enter cells via receptors on the surface of 
susceptible cells. In cancers, cells may respond inappropriately or not at all to signals 

30 from other cells or factors. In autoimmune disease, there is inappropriate recognition of 
"self 1 markers. Within the present invention, such interactions may be blocked by 
utilizing vector constructs that code for the in vivo expression of an analogue to either of 
the partners in an interaction. Such an analogue is known as a blocking agent. This 
blocking action may occur intracellular^, on the cell membrane, or extracellularly. The 

35 blocking action of a blocking agent can be mediated either from inside a susceptible cell 
or by secreting a version of the blocking protein to locally block the pathogenic 
interaction. 
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For example, in the case of HIV, the two agents of interaction are the gp 
220/gp 41 envelope protein and the CD4 receptor molecule. Thus, an appropriate 
blocker would be an HIV @nv analogue that blocks HTV entry without causing pathogenic 
effects, or a CD4 receptor analogue. The CD4 analogue would be secreted and would 
function to protect neighboring cells, while the gp 120/gp 41 is secreted or produced only 
intracellular^ so as to protect only the vector-containing cell. It may be advantageous to 
add human immunoglobulin heavy chains or other components to CD4 in order to 
enhance stability or complement lysis. Delivery of a vector construct encoding such a 
hybrid-soluble CD4 in a position-specific manner results in a continuous supply of a stable 
hybrid molecule. 

Recombinant DNA molecules mediating the expression of HTV em may 
also be constructed. It will be evident to one skilled in the art which portions are capable 
of blocking virus adsorption without overt pathogenic side effects (Willey et al, J. Virol 
62:139, 1988; Fisher et al., Science 253:655, 1986). 

Another embodiment of the invention involves the delivery of suppressor 
genes which, when deleted, mutated or not expressed in a cell type, lead to tumorigenesis 
in that cell type. Reintroduction of the deleted gene leads to regression of the tumor 
phenotype in these cells. Since malignancy can be considered to bean inhibition of 
cellular terminal differentiation compared with cell growth, the delivery and expression of 
gene products which lead to differentiation of a tumor should also, in general, lead to 
regression. 

Sequences which encode the above-described nucleic acid molecules may 
b© obtained from a variety of sources. For example, plasmids which contain sequences 
that encode altered cellular products may be obtained from a depository such as the 
American Type Culture Collection (ATCC, Rockville, Maryland), or from commercial 
sources such as Advanced Biotechnologies (Columbia, Maryland) or British Bio- 
Technology limited (Cowley, Oxford England). Alternatively, cDNA sequences for use 
with the present invention may be obtained from cells which express or contain the 
sequences. Briefly, within one embodiment mRNA from a cell which expresses the gene 
of interest is reverse transcribed with reverse transcriptase using oligo dT or random 
primers. The single stranded cDNA may then be amplified by PCR (see U.S. Patent 
Nos. 4,683,202, 4,683,195 and 4,800,159. See also PCR Technology: Principles and 
Applications far DNA Amplification, Erlich (ed.), Stockton Press, 1989) utilizing 
oligonucleotide primers complementary to sequences on either side of desired sequences. 
In particular, a double stranded DNA is denatured by heating in the presence of heat 
stable Taq polymerase, sequence specific DNA primers, ATP, CTP, GTP and TTP. 
Double-stranded DNA is produced when synthesis is complete. This cycle may be 
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repeated many times, resulting in a factorial amplification of the desired DNA. In 
addition, genes of known nucleotide sequence useful for practice of the invention may be 
obtained by cloning the desired gene from an available cDNA or mRNA library using 
standard techniques. Nucleic add molecules which are carried and/or expressed by the 
5 recombinant DN molecules described herein may also be synthesized, in whole or in part, 
for example, on an Applied Biosystems Inc. DNA synthesizer APB DNA 
synthesizer model 392 (Foster City, California). 

C. CELlCULTORE 

10 As noted above, certain embodiments of the present invention provide viral 

preparations suitable for administration to humans. 

In a particularly preferred embodiment, high titer recombinant retroviral 
preparations are employed. To produce such high titer preparations, cell culture methods, 
as described in US.S.K 08/367,071, supra, are used. Briefly, a wide variety of methods 

15 may be utilized, including for example, the use of ferment ers or bioreactors, roller bottles, 
cell hotels or cell lactones, and hollow fiber culture. For bioreactors or fermenters, cells 
are preferably grown on micro carriers (i.e. y Cytodex 1 or Cytodex 2; Pharmacia, 
Piscataway, NJ.) at concentrations ranging from 3 to 15 grams of micro carrier per liter of 
appropriate media. For roller bottles, suitable conditions include those used for 

20 bioreactors, with the exception that microcarrier beads are not utilized. Cell factories may 
also be u tilized for the large scale cell culture and production of recombinant retroviruses 
from adherent cells. Briefly, cell factories (also termed "cell hotels") typically contain 
multiple trays molded from virgin polystyrene assembled by sonic welding one to another, 
followed by treatment to provide a Nudon D surface, and are available from a variety of 

25 manufacturers, including for example Nunc. Hollow fiber culture methods may also be 
used to produce recombinant retroviruses. Briefly, high titer retroviral production using 
hollow fiber cultures is based on increasing viral concentration as the cells are being 
cultured to a high density in a reduced volume of media. The volume of media being 
cultured on the cell side is approximately 10 to 100 fold lower then volumes required for 

30 equivalent cell densities cultured in tissue culture dishes or flasks, resulting in a 10-100 
fold increase in titer when an individual retroviral producer cell line is amenable to hollow 
fiber growth conditions. To achieve maximum cell density, the individual cells must be 
able to grow in very dose proximity and on top of each other. Many cell lines will not 
grow in this fashion and retroviral packaging cell lines based on these types of cell lines 

35 may not achieve 10 fold increases in titer. Cell lines which would grow very well would 
be non-adherent cell line and it is believed that a retroviral producer line based on a non- 
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adherent cell line may reach 1 00 fold increases in titer compared to tissue culture dishes 
and flasks. 

D. CONCENTRATION AND PURIFICATION OF RECOMBINANT RETROVIRAL PARTIO^ 

5 When a retroviral gene delivay vehicle is employed in the practice of the 

present invention, it is preferable to increase the purity of therapeutic preparation, as well 
as to increase the titer of recombinant retrovirus that may be administered. A wide 
variety of methods may be utilized for increasing viral concentration and purity, including 
for example, precipitation of recombinant retroviruses with ammonium sulfate, 

10 polyethylene glycol ("PEG*) concentration, concentration by centri&gation (either with 
or without gradients such as PERCOLL, or "cushions" such as sucrose, use of 
concentration filters {e.g^ Amicon filtration), and 2-phase separations. See U.S.S.N. 
08/367,071, supra, andU.S.S.K 08/153,342. 

15 E. Assays 

Within other aspects of the present invention, methods are provided for 
quantitating gene delivexy vehicles utilizing non-denaturing gds(e.#, 4-15% gradient 
polyacrylamide gels for resolving recombinant retroviral particles), along with methods 
for estimating or quantitating the resultant products such as, for example, staining with 

20 coomassie blue or silver stain, followed by densitometry scanning. Such methods, while 
not capable of discriminating between viable and non-viable gene delivery vehicles, are 
advantageous because they are relatively ample and quick. One representative example 
of such methods is set forth below in Example 10 in more detail. 

Within other aspects of the present invention, assays are provided for 

25 titering recombinant virus, such as a recombinant retrovirus, in a sample. Typically, such 
assays may be based upon presence of a selectable marker, or formation of blue colonies. 
However, within certain embodiments gene delivery vehicles are provided which do not 
include a gene coding for a selectable marker. Therefore, antibody and PCR assays, the 
latter of which is described below, may be employed in order to determine titer. To use 

30 PCR to amplify sequences unique to the vector construct carried in the gene delivery 
vehicle, appropriate amplification primers are required. Such primers can readily be 
designed by those skilled in the art and will depend on the vector construct employed, the 
components thereof, the particular region(s) desired to be amplified, «fa When a 
recombinant retrovirus is used as the gene delivery, representative PCR primers pairs 

35 include those specific for LTR sequences, packaging signal sequences or other regions of 
the retroviral backbone, and may include primers specific for the gens(s) of interest. 
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Briefly, within one embodiment of the invention a PCR thering assay is 
used to determine titer of a recombinant retroviral preparation. The assay is performed by 
growing a known number of cells transduced with the recombinant retrovirus on 6-well 
plates for at least 16 nr. before harvest. One well per plate is sacrificed for counting. 

5 Cells from the other wells are fysed and their contents isolated. DNA is prepared using a 
QUIArap DNA isolation kit (QUlAgen, foc.Chatswortn. CA). DNAs are resuspended in 
5 x 10 6 cell equivalents/pL per sample. 

To calculate titer, a standard curve is generated using DNA isolated from 
5 x 10 s untransduced HT1080 cells (negative control) and 5 x 10 6 HT1080 cells 

10 transduced with a known vector and having one integrated copy of that vector per cell 
genome (positive control), such as may be prepared from packaging cell lines transduced 
with a recombinant retrovirus encoding a selectable marker, eg., neomycin resistance. 
The standard curve is generated by combining different amounts of the positive and 
negative control DNA and amplifying specific sequences therefrom by PCR using primers 

15 specific to a particular region of the recombinant retrovirus. A representative group of 
mixtures for generating a standard curve is: 

lube ioo& 252s 5021 25& lfift 52£ Blank 

Positive Control (uL) 50 37.5 25 12.5 5 2.5 0 0 



20 



Negative Control (uL) 0 12.5 25 37.5 45 47.5 50 0 
Distilled water (uL) 0 0 0 0 0 0 0 50 



Five microliters from each tube is placed into one of eight reaction tubes (duplicates are 
also prepared), with the remainder bring stored at -20_C. Five microliters from each 

25 sample DNA preparations are placed into their own reaction tubes in duplicate. PCR 
reactions (50 uL total volume) are then initiated by adding 45.0 uL of a reaction mix 
containing the following components per tube to be tested: 24.5 pL water, 5 uL 10X 
reaction PCR buffer, 4 uL of 25 mM MgCfe, 4 uL dNTPs (containing 2.5 mM of each of 
dATP, dGTP, dCTP, and dTTP), 5 pL of primer mix (100 ng or each primer), 0.25 uL 

30 TaqStart monoclonal antibody (Clontech Laboratories, Inc., Palo Alto, CA), 1.00 uL 
TaqStart buffer (Clontech Labs, Inc.), and 0.25 uL AmpliTaq DNA polymerase (Perlrin- 
Elmer, Inc., Norwalk, CN). Just prior to aliquoting the reaction mix to the reaction tubes, 
1 uL of a- 32 P dCTP (250 pCi; 3000 C/mmol, 10 mCi/mL, Amersham Corp., Arlington 
Heights, IL) is added into the reaction mix. After aliquoting 45.0 uL the reaction mix 

35 into each of the reaction tubes, the tubes are capped and placed into a thermocycler. The 
particular denaturation, annealing, elongation times and temperatures, and number of 
thermocycles will vary depending on size and nucleotide composition of the primer pair 
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used. 20 - 25 amplification thermocycles are then performed. 5 uL of each reaction is 
then spotted on DE81 ion exchange chromatography paper (Whatman, Maidstone, 
England) and air dried for 10 rain. The filter is then washed five times, 100 mLperwash, 
in 50 mMNa2P04, pH 7, 200 mMNaCl, after which it is air dried and then sandwiched in 

5 SaranWrap. Quantitation is performed on a Phospholmager SI (Molecular Dynamics, 
Sunnyvale, CA). Filters are typically exposed to a phosphor screen, which stores energy 
from ionizing radiation, for a suitable period, typically about 120 min After exposure, the 
phosphor screen is scanned, whereby light is emitted in proportion to the radioactivity on 
the original filter. The scanning results are then downloaded and plotted on a log scale as 

ip cpm (ordinate) versus percent positive control DNA (abscissa). Titers flnfectious 

unhs/mL) for each sample are calculated by multiplying the number of cells from which 
DNA was isolated by the percentage (converted to decimal form) determined from the 
standard curve based on the detected radioactivity, divided by the volume of recombinant 
retrovirus used to transduce the cells. As will be appreciated by those in the art, other 

15 methods of detection, such as colorimetric methods, may also be employed to label the 
amplified products. 



Formulation 
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Another aspect of the invention relates to formulation of the gene delivery 

vehicles according to the invention. 

A preferred embodiment of this aspect of the invention concerns the 
preservation of an infectious recombinant retroviral preparation, such that the 

25 recombinant retroviruses are capable of infecting eukaryotic cells upon reconstitution (see 
U.S. Serial No. 08/153,342) and delivering the vector construct into the genome of such 
cell in a position-specific manner. Briefly, purified, and optionally concentrated, 
recombinant retrovirus may be preserved by first adding a sufficient amount of a 
formulation buffer to the media containing the recombinant retrovirus to form an aqueous 

30 suspension. Preferably, the formulation buffer is an aqueous solution that contains a 
saccharide, a high molecular weight structural additive, and a buffering component in 
water. As utilized within the context of the present invention, a "buffering compound" or 
"buffering component" should be understood to refer to a substance that functions to 
maintain the aqueous suspension at a desired pH. The aqueous solution may also contain 

35 one or more amino adds. 

The recombinant retrovirus can also be preserved in a purified form. More 

specifically, prior to the addition of the formulation buffer, the crude recombinant 
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retrovirus described above may be clarified by passing it through a filter, and then 
concentrated, such as by a, cross Sow concentrating system (Filtron Technology Corp., 
Nortborough, MA). Within ow embodiment, BNase is added to the concentrate to digest 
exogenous DNA. The digest is then diafiltrated to remove excess media components wd 
5 establish the recombinant retrovirus in a more desirable buffered solution. The dkfitate 
is then passed over a Sephadex $-500 gel column and a purified recombinant retrovims is 
doted. A sufficient amount of formulation buffer is added to this eiuate to reach a desired 
final concentration of the constituents (see, e.g., Example 9) and to minimally dilute the 
recombinant retrovirus, and the aqueoiLBS suspension is then stored, preferably at -70°C or 

10 immediately dried. As noted above, the formulation buffer is an aqueous soltstion that 
contains a saccharide, a high molecular weight structural additive, and a buffering 
component in water. The aqueous solution may also contain one or more amino adds. 

The crude recombinant retrovirus can also be purified by ion exchange 
column chromatography. This method is described in more detail in U.S. Patent 

15 Application Serial No. 08/093,436. In general, the crude recombinant retrovirus is 

clarified by passing it through a filter, and the filtrate loaded onto a column containing a 
highly sulfonated cellulose matrix. The recombinant retrovirus is eluted from the column 
in purified form by using a high salt buffer. The high salt buffer is then exchanged for a 
more desirable buffer by passing the eiuate over a molecular exclusion column. A 

20 sufficient amount of formulation buffer is then added, as discussed above, to the purified 
recombinant retrovirus and the aqueous suspension is either dried knmedi&iely or stored, 
preferably at =70°C. 

The aqueous suspension in crude or purified form can be dried by 
lyophilization or evaporation at ambient temperature. Specifically, lyophilization involves 

25 the steps of cooling the aqueous suspension below the glass transition temperature or 
below the eutectic point temperature of the aqueous suspension, and removing water 
from the cooled suspension by sublimation to form a iyophilized retrovirus. Briefly, 
aliquots of the formulated recombinant retrovirus are placed into an Edwards Refrigerated 
Chamber (3 shelf RC3S unit) attached to a freeze dryer (Supermodulyo 12K). A 

30 multistep freeze drying procedure as described by Phillips et al. (Cryobiology 18:414, 
1981) is used So lyophilize the formulated recombinant retrovirus, preferably from a 
temperature of-40_C to -45_C. The resulting composition contains less than 10% water 
by weight of the Iyophilized retrovirus. Once Iyophilized, the recombinant retrovirus is 
stable and may be stored at -20_C to 25_C, as discussed in more detail below. 

35 Within the evaporative method, water is removed from the aqueous 

suspension at ambient temperature by evaporation. Within one embodiment, water is 
removed through spray drying (EP 520,748). Within the spray drying process, the 
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aqueous suspension is delivered into a flow of preheated gas, usually air, whereupon 
water rapidly evaporates from droplets of the suspension. Spray drying apparatus are 
available from a number of manufacturers (e.g., Brytec, Ltd., Tonbridge, England; Lsb- 
Pknt, Ltd., Huddersfield, Engjand). Once dehydrated, the recombinant retrovirus 5s 

5 stable and may be stored at -20_C to 25 jC. Within the methods described herein, the 
resulting moisture content of the dried or lyophilized retrovirus may be determined 
through use of a Karl-Fischer apparatus (EM Science Aquastar 4 V1B volumetric titrator, 
Cherry HS1, N3), or through a gravimetric method. 

The aqueous solutions used for formulation, as previously described, are 

10 composed of a saccharide, high molecular weight structural additive, a buffering 

component, and water. The solution may also include one or more amino adds. The 
combination of these components act to preserve the activity of the recombinant 
retrovirus upon freezing and lyophilization, or drying through evaporation. Although a 
preferred saccharide is lactose, other saccharides may be used, such as sucrose, mannitol, 

15 glucose, trehalose, inositol, fructose, maltose or galactose. In addition, combinatioxus of 
saccharides can be used, for example, lactose and mannitol, or sucrose and mannitol. A 
particularly preferred concentration of lactose is 3%-4% by weight. Preferably, the 
concentration of the saccharide ranges from 1% to 12% by weight. 

The high molecular weight structural additive aids in preventing viral 

20 aggregation during freezing and provides structural support in the lyophilized or dried 
state. Within the context of the present invention, structural additives are considered to 
be of "high molecular weight* if they are greater than 5000 m.w. A preferred high 
molecular weight structural additive is human serum albumin. However, other substances 
may also be used, such as hydroxyethyl-cellulose, hydroxymethyl-ceUulose, dextran, 

25 cellulose, gelatin, or povidone. A particularly preferred concentration of human serum 
albumin is 0.1% by weight. Preferably, fthe concentration of the high molecular weight 
structural additive ranges from 0. 1% to 10% by weight, 

The amino acids, if present, function to further preserve viral infectivity 
upon cooling and thawing of the aqueous suspension. In addition, amino adds function 

30 to further preserve viral infectivity during sublimation of the cooled aqueous suspension 
and while in the lyophilized state. A preferred amino acid is argtoiine, but other amino 
adds such as lysine, ornithine, serine, glycine, glutaraine, asparagine, glutamic acid or 
aspartic acid can also be used. A particularly preferred arginine concentration is 0.1% by 
weight. Preferably, the amino acid concentration ranges from 0.1% to 10% by weight. 

35 The buffering component acts to buffer the solution by maintaining a 

relatively constant pH. A variety of buffers may be used, depending on the pH range 
desired, preferably between 7,0 and 7.8. Suitable buffers indude phosphate buffer and 
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citrate buffer. A particularly preferred pH of the recombinant retrovirus formulation is 
7.4, and a preferred buffer is tromethamine. 

In addition, it is preferable that the aqueous solution contain a neutral salt 
which is used to adjust the final formulated recombinant retrovirus to an appropriate iso- 

5 osmotic salt concentration. Suitable neutral salts include sodium chloride, potassium 
chloride or magnesium chloride. A preferred salt is sodium chloride. 

Aqueous solutions containing the desired concentration of the components 
described above may be prepared as concentrated stock solutions. 

A particularly preferred method of preserving recombinant retroviruses in 

10 a lyophilized state for subsequent reconstitution comprises the steps of (a) combining an 
infectious recombinant retrovirus with an aqueous solution to form an aqueous 
suspension, the aqueous suspension including 4% by weight of lactose, 0.1% by weight of 
human serum albumin, 0.03% or less by weight of NaCl, 0. 1% by weight of aipnine, and 
an amount of tromethamine buffer effective to provide a pH of the aqueous suspension of 

15 approximately 7.4, thereby stabilizing the infectious recombinant retrovirus; (b) cooling 
the suspension to a temperature of from -40_C to -45_C to foim a frozen suspension; and 
(c) removing water from the frozen suspension by sublimation to form a lyophilized 
composition having less than 2% water by weight of the lyophilized composition, the 
composition being capable of infecting mammalian cells upon constitution. It is 

20 preferred that the recombinant retrovirus be replication defective and suitable for 
administration into humans upon reconstitution. 

It will be evident to those skilled in the art given the disclosure provided 
herein that it may be preferable to utilize certain saccharides within the aqueous solution 
when the lyophilized retrovirus is intended for storage at room temperature. More 

25 specifically, it is preferable to utilize disaccharides, such as lactose or trehalose, 
particulariy for storage at room temperature. 

The lyophilized or dehydrated retroviruses of the subject invention may be 
reconstituted using a variety of substances, but are preferably reconstituted using water. 
In certain instances, dilute salt solutions which bring the final formulation to isotonidty 

30 may also be used. In addition, it may be advantageous to use aqueous solutions 

containing components known to enhance the activity of the reconstituted retrovirus. 
Such components include cytokines, such as IL-2, polycations, such as protamine sulfate, 
or other components which enhance the transduction efficiency of the reconstituted 
retrovirus. Lyophilized or dehydrated recombinant retrovirus may be reconstituted with 

35 any convenient volume of water or the reconstituting agents noted above that allow 
substantial, and preferably total solubilization of the lyophilized or dehydrated sample. 
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G. Administration 

In another aspect of the present invention, methods are provided for treating 
eukaryotic organisms, particularly warm blooded animals, and especially human, afflicted 

5 with a variety of diseases, including a genetic disease, cancer, an infectious disease, an 
autoimmune disease, and inflammatory disease, a cardiovascular disease, and a 
degenerative disease. Examples of genetic diseases include but are not limited to; 
thalassemia, phenylketonuria, Lesch-Nyan syndrome, SCID, hemophilia A and B, cystic 
fibrosis, Duchenne*s muscular dystrophy, inherited emphysema, familial 

10 hypercholesterolemia, and Gaucher's disease. Examples of cancers include but are not 
limited to; solid tumors, leukemias and lymphomas. Representative examples include 
melanomas, colorectal carcinomas, lung carcinomas (including large cell, small cell, 
squamous and adeno-cardnomas), renal cell carcinomas, cervical cancer, adult T-cell 
lymphoma leukemia, and breast adeno-cardnomas. Infectious diseases include but not 

15 limited to; hepatitis, tuberculosis, malaria, human iromunodefidency virus, herpes virus, 
tetanus, dysentery, shigella, FeLV, and FTV. Degenerative diseases indude but are not 
limited to: Alzheimer's disease, multiple adenosis, muscular dystrophy* amyotrophic 
lateral sderosis, Inflammatory diseases indude rheumatoid arthritis, spinal meningitis, 
and pancreatitis. Autoimmune diseases indude diabetes, uveitis, HIV, and SCID. 

20 Cardiovascular diseases indude, chronic rheumatic heart disease, arteriosderosis, mitral 
valve and aortic stenosis, myocarditis, pericarditis, Marian's syndrome, Ehlers-Danlos 
syndrome, Churg-Strauss syndrome, and scleroderma. 

Each of these methods comprise administration of a gene delivery vehide 
according to the invention such that a therapeutically efficadous amount of gene product 

25 encoded by the gene of interest carried thereby is produced. As used herein, a 

"therapeutically effective amount" of a gene product expressed from a vector construct 
according to the invention is an amount that achieves a desired therapeutic benefit in a 
patient to an extent greater than that observed when the patient was not treated with the 
gene product. For instance, when the gene product is factor Vm, a "therapeutically 

30 effective amount" refers to the amount of factor VHI needed to produce therapeutically 
beneficial dotting and will thus generally be determined by each patient's attending 
physician, although swum levels of about 0.2 ng/mL (about 0.1% of "normal" levds) or 
more will typically be therapeutically beneficial. When the gene product is an RNA 
molecule with intrinsic biological activity, such an antisense KNA or ribozyme, a 

35 "therapeutically effective amount" is an amount sufficient to achieve a clinically relevant 
change in the patient's condition through reduced expression of the targeted gene product, 
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raost often a protein. In a preferred embodiment, the RNA molecule with intrinsic 
biological activity,, is., antisense RNA or ribozyme, will be expressed an transduced cells 
from its position-specific location in molar excess to the targeted RNA molecule. 
Expression levels of the heterologous and targeted RNAs can be determined by various 

5 assays, e.g., by PGR analysis. 

Typical dosages for ex vivo treatment of hematopoietic stem cells will 
generally range from about 10 5 , 10* 10 7 , 10 8 , 10 9 , 10*°, 10" to 10* 2 infectious gene 
delivery vehicles, with dosages of 1 0 7 to 1 0 10 infectious particles being prefeirml 

The gene delivery vehicles of the present invention may be ©riminigtered to 

10 a wide variety of locations including, for example, into sites such as the cerebral spinal 
fluid, bone marrow, joints, arterial endothelial cells, rectum, buccal/sublingual, vagina, the 
lymph system, to an organ selected from the group consisting of lung, liver, spleen, skin, 
blood and brain, or to a she selected from the group consisting of tumors and interstitial 
spaces. Within other embodiments, the recombinant retrovirus may be administered 

15 intraoculariy, intranasally, sublingual^, orally, topically, intravesically, intrathecal^, 
topically, intravenously, intraperitoneal^, intracranially, intramuscularly, or 
subcutaneously. Other representative routes of administration include gastroscopy, ECBJP 
and colonoscopy, which do not require frail operating procedures and hospitalization, but 
may require the presence of medical personnel. 

20 Considerations for administering the compositions of the present invention 

include the following: 

Oral administration is easy and convenient, economical (no sterility 
required), safe (over dosage can be treated in most cases), and permits controlled release 
of the active ingredient of the composition (the gene delivery vehicle). Conversely, there 

25 may be local irritation such as nausea, vomiting or diarrhea, erratic absorption for poorly 
soluble drugs, and the gene delivery vehicle will be subject to "first pass effect* by hepatic 
metabolism and gastric acid and enzymatic degradation. Further, there can be slow onset 
of action, efficient plasma levels may not be reached, a paiient ! s cooperation is required, 
and food can affect absorption. Preferred embodiments of the present invention include 

30 the oral administration of gene delivery vehicles that express genes encoding 

erythropoietin, insulin, GM-CSF cytokines, various polypeptides or peptide hormones, 
their agonists or antagonists, where these hormones can be derived from tissues such as 
the pituitary, hypothalamus, kidney, endothelial cells, liver, pancreas, bone, hemopoetic 
marrow, and adrenal Such polypeptides can be used for induction of growth, regression 

35 of tissue, suppression of immune responses, apoptosis, gene expression, blocking 

receptor-ligand interaction, immune responses and can be treatment for certain anemias, 
diabetes, infections, high blood pressure, abnormal blood chemistry or chemistries (e.g., 
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devated blood cholesterol, deficiency of blood clotting fectors, elevated UDL with 
lowered HDL), levels of Alzheimer associated araaloid protein bone erosion/calcium 
deposition, and controlling levels of various metabolites such as steroid hormones, 
purines, and pyrimidines. Preferably, the gene delivery vehicles are first lyophilized, then 

5 filled into capsules and administered. 

Buccal/sublingual administration is a convenient method of administration 
that provides rapid onset of action of the active components) of the composition, and 
avoids first pass metabolism. Thus, there is no gastric acid or enzymatic degradation, and 
the absorption of gene delivery vehicle is feasible. There is high bioavailability, and 

10 virtually immediate cessation of treatment Conversely, such administration is 

limited to relatively low dosages (typically about 10-15 mg), and there can be no 
simultaneous eating, drinking or swallowing Preferred embodiments of the present 
invention include the buccal/sublingual administration of gene delivery vehicles that 
contain genes encoding self and/or foreign MHC, or immune modulators, for the 

15 treatment of oral cancer, the treatment of Sjogren's syndrome via the buccal/sublingual 
administration of such gene delivery vehicles that contain IgA or IgE antisense genes; and, 
the treatment of gingivitis and periodontitis via the buccal/sublingual administration of 
IgG or cytokine antisense genes* 

Rectal administration provides a negligible first pass metabolism effect 

20 (there is a good blood/lymph vessel supply, and absorbed materials drain directly into the 
inferior vena cava), and the method is suitable of children, patients with emesis, and the 
unconscious. The method avoids gastric acid and enzymatic degradation, and the 
ionization of a composition will not change because the rectal fluid has no buffer capacity 
(pH 6.8; charged compositions absorb best). Conversely, there may be slow, poor or 

25 erratic absorption, irritation, degradation by bacterial flora, and there is a small absorption 
surfece (about 0.05m 2 ). Further, lipidophilic and water soluble compounds are preferred 
for absorption by the rectal mucosa, and absorption enhancers (e.g. t salts, EDTA, 
NSAID) may be necessary. Preferred embodiments of the present invention include the 
rectal administration of gene delivery vehicles that contain genes encoding colon cancer 

30 antigens, self and/or foreign MHC, or immune modulators. 

Nasal administration avoids first pass metabolism, and gastric acid and 
enzymatic degradation, and is convenient. In a preferred embodiment, nasal 
administration is useful for gene delivery vehicle administration wherein the gene delivery 
vehicle carries nucleic acid capable of expressing a polypeptide with properties as 

35 described herein. Conversely, such administration can cause local irritation, and 
absorption can be dependent upon the state of the nasal mucosa. 
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Pulmonary administration also avoids first pass metabolism, and gastric 
acid and enzymatic degradation, and is convenient. Further, pulmonary administration 
permits localized actions that minimize systemic side effects and the dosage required for 
effectiveness, and there can be rapid onset of action and self-medication. Conversely, at 

5 times only a small portion of the administered composition reaches the brochioii/alveoli, 
there can be local irritation, and overdosing is possible. Further, patient cooperation and 
understanding is pmsf erred, and the propeflant for dosing may have toxic effects. 
Preferred embodiments of the present invention include the pulmonary administration of 
vehicles that express genes encoding IgA or IgE for the treatment of conditions such as 

10 asthma, hay fever, allergic alveolitis or fibrosing alveolitis, the CFTR gene for the 

treatment of cystic fibrosis, and protease and collagenous inhibitors such as a- 1 -antitrypsin 
for the treatment of emphysema. Alternatively, many of the same types of polypeptides or 
peptides listed above for oral administration may be used.. 

Ophthalmic administration provides local action, and permit prolonged 

15 action where the administration is via inserts. Further, avoids first pass metabolism, and 
gastric acid and enzymatic degradation, and permits self-administration via the use of eye- 
drops or contact lens-like inserts. Conversely, the administration is not always efficient, 
because the administration induces tearing. Preferred embodiments of the present 
invention include the ophthalmic administration of gene delivery vehicles that express 

20 genes encoding IgA or IgE for the treatment of hay fever conjunctivitis or vernal and 

atomic conjunctivitis; and ophthalmic administration of gene delivery vehicles that contain 
genes encoding melanoma specific antigens (such as high molecular weight-melanoma 
associated antigen), self and/or foreign MHC S or immune modulators. 

Transdermal administration permits rapid cessation of treatment and 

25 prolonged action leading to good compliance. Further, local treatment is possible, and 
avoids first pass metabolism, and gastric acid and enzymatic degradation. Conversely, 
such administration may cause local irritation, is particularity susceptible to tolerance 
development, and is typically not preferred for highly potent compositions. Preferred 
embodiments of the present invention include transdermal administration to express genes 

30 encoding IgA or IgE for the treatment of conditions such as atopic dermatitis and other 
skin allergies; and transdermal administration of gene delivery vehicles encoding genes 
encoding melanoma specific antigens (such as high molecular weight-melanoma 
associated antigen), self and/or foreign MHC, or immune modulators. 

Vaginal administration provides local treatment and one preferred route 

35 for hormonal administration. Further, such administration avoids first pass metabolism, 
and gastric acid and enzymatic degradation, and is preferred for administration of 
compositions wherein the gene delivery vehicles express peptides. Preferred 
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embodiments of the present invention include vaginal administration to express genes 
encoding self and/or foreign MHC, or immune modulators. Other preferred embodiments 
include the vaginal administration of genes encoding the components of sperm such as 
histone, flageUin, etc., to promote the production of sperm-specific antibodies and thereby 
5 prevent pregnancy. This effect may be reversed, and/or pregnancy in some women may 
be enhanced, by delivering gene delivery vehicles carrying vectors encoding 
immunoglobulin antisense genes, which genes interfere with the production of sperm- 
specific antibodies. 

Intravesical administration permits local treatment for urogenital problems, 

10 avoiding systemic side effects and avoiding first pass metabolism, and gastric acid and 
enzymatic degradation. Conversely, the method requires urethral catheterization and 
requires a highly skilled staff. Preferred embodiments of the present invention include 
intravesical adniinistration for delivering antitumor genes such as a prodrug activation 
gene such thymidine kinase or various immunomodulatory molecules such as cytokines. 

13 Endoscopic retrograde cystopancreatography (ERCP) (goes through the 

mouth; does not require piercing of the skin) takes advantage of extended gastroscopy, 
and permits selective access to the biliary tract and the pancreatic duct. Conversely, the 
method requires a highly skilled staff and is unpleasant for the patient. 

Many of the routes of administration described herein (eg., into the CSF, 

20 into bone marrow, into joints, intravenous, intra-arterial, intracranial intramuscular, 
subcutaneous, into various organs, intra-tumor, into the interstitial spaces, intra- 
peritoneal, intrarymphatic, or into a capillary bed) may be accomplished simply by direct 
adniinistration using a needle, catheter or related device. In particular, within certain 
embodiments of the invention, one or more dosages may be administered directly in the 

25 indicated manner, into the cerebral spinal fluid at dosages greater than or equal to 10 5 , 
10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 11 cfu; into bone marrow at dosages greater than or equal 
to 10 5 , 10 6 , 10 7 10 8 , 10 9 , 10 10 or lb 11 cfu; into joint(s) at dosages greater than or equal 
to 10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 11 cfu; intravenously at dosages greater than or 
equal to 10 8 , 10 9 10 10 or 10 11 cfu; intra-arterially at dosages greater than or equal to 

30 10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 11 cfii; intra-cranially at dosages greater than or equal 
to 10 9 10 10 or 10 11 cfu; intra-musculariy at dosages greater than or equal to 10 10 or 

>v 5 ' 5 6 7 8 9 10 

10 11 cfu; intra-ocularly at dosages greater than or equal to 10 , 10 , 10 , 10 , 10 , 10 

or 10 11 cfii; pulmonarily at dosages greater than or equal to 10 5 , 10 6 , 10 7 , 10 8 , 10 , 10 

or 10 11 cfii; nasally at dosages greater than or equal to 10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 or 

35 10 11 cfii: sub-lingually at dosages greater than or equal to 10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 

5 6 7 8 9 10 

or 10 11 cfii; rectally at dosages greater than or equal to 10 , 10 , 10 , 10 , 10 , 10 or 
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10 11 cfii; orally at dosages greater than or equal to 10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 u 
cfii; topically at dosages greater than or equal to 10 5 , 10 6 , 10 7 10 8 , 10 , 10 or 10 ^ 
c&; vaginally at dosages greater than or equal to 10 5 , 10 6 , 10 7 10 8 , 10 , 10 or 10 
cfii; sub-cutaneously at dosages greater than or equal to 1 0 9 , 10 10 or 10 cfii; inter- 

5 vesically at dosages greater than or equal to 10 5 , 10 6 , 10 7 10 8 , 10 9 , 10 10 or 10 U cfii; 
into an organ such as the lung, liver, spleen, skin, blood or brain at dosages greater than 
or equal to 10 s , 10 6 , 10 7 10 8 , 10 9 , 10 10 or 10 U cfii; intra-tumor at dosages greater than 
or equal to 10 8 , 10 9 , 10 10 or 10 11 cfu; intra-peritoneally at dosages greater than or equal 
to 10 8 , 10 9 , 10 10 or 10 11 cfii; into interstitial spaces at dosages greater than or equal to 

10 10 10 or 10 11 cfii; intra-hymphatically at dosages greater than or equal to 10 5 , 10 , 10 , 
10 8 , 10 9 , 10 10 or 10 11 cfii; into a capillary bed at dosages greater than or equal to 10 5 , 
10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 U cfii; or intrathecally at dosages greater than or equal to 
10 5 , 10 6 , 10 7 , 10 8 , 10 9 , 10 10 or 10 11 cfii. "cfii" is understood to mean "colony forming 
unit" and is thus applicable to any of the various gene delivery vehicles useful in the 

15 practice of the invention. Colony forming unit means the number of cells transduced in 
vitro in some detectable fashion {e.g. drug resistance, gene expression detected by 
reaction with an antibody, PCR for transduced genes etc.) 

Gene delivery vehicles may be delivered from outside of the organism to 
be tr eated , such as during a surgical procedure for other purposes, as part of a procedure 

20 with other purposes, or as a procedure designed expressly to administer the gene delivery 
vehicle. Other routes and methods for administration include the non-parenteral routes 
disclosed within U.S. Serial No. 08/366,788, filed December 30, 1994, as well as 

adntinistration via multiple sites as disclosed within U.S. Serial No. QZ/3_> , filed 

December 30, 1994 [Atty. Docket No. 930049.427]. 

25 in addition to fa vwadmimstr^ 

invention may also be delivered in an ex vivo format 



The following examples are offered by way of illustration, and not by way 

of limitation. 
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Examples 

The following examples are included to more folly illustrate the present invention. 
Additionally, these examples provide preferred embodiments of the invention and are not 

5 meant to limit the scope thereof. Standard methods for many of foe procedures described 
in foe following examples, or suitable alternative procedures, are provided in widely 
recognized manuals of molecular biology, such as, for example "Molecular Cloning," 
Second Edition (Sambrook, et aL, Cold Spring Harbor Laboratory Press, 1987) and 
•Current Protocols in Molecular Biology" (Ausubel, et aL, eds. Greene Associates/Wiley 

10 Interscience, NY, 1990). 

EXAMPLE 1 

Preparation of a Chimeric retroviral integrase 

15 This example describes how to confer the position specificity of the 

yeast Ty3 element (U.S. Patent No. 5,292,662) to the integrase (IN) protein derived 
from Moloney murine leukemia virus. Under appropriate conditions, foe resulting 
chimeric integrase can then be packaged into a variety of gene delivery vehicles to 
confer on a vector construct according to the invention position-specific integration 

20 into the genome of a eukaryotic cell transduced or otherwise transformed therewith. 

As noted previously, Ty3 IN is a fonctional and structural analog of 
retroviral IN proteins, including MoMLV IN. An alignment of foe amino acid 
sequences of Ty3 and MoMLV (see FIG. 3) using the UWGCG Bestfit algorithm 
(Devereux, et al. (1984), Nucl. Adds Res., vol. 12:387-395) revealed roughly 25% 

25 identity within foe core region which contains the D-D-E motif conserved among 
retrovirus IN proteins. In MoMLV IN, which comprises 408 amino acids, the core 
region corresponds to approximately 220 residues, the ammo-terminal domain 
comprises about foe first 40 amino acids, and the carboxy terminus foe remaining 
140 or so amino adds. In Ty3 IN, which is comprised of 536 amino adds, the 

30 ammo-terminal domain spans about foe first 60 residues, the core domain about foe 
next 240 amino acids, with the carooxy-terminal domain comprising approximately 
230 residues. In each protein, foe amkc-terminal domain is referred to as the "A" 
domain, the carboxyl end as foe "C" domain, and the core domain as "B", as 
designated in FIG. 2. To further specify foe origin of each domain, the single upper 

35 case designation therefor may be immediately followed by "m" for a domain derived 
from MoMLV IN or "t" for a domain derived from Ty3 . For example, "At" 
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designates the A domain derived from Ty3, and a chimeric IN protein or gene 
therefor (or vector harboring such gene) referred to as AmBmCt, for example, is a 
chimera comprising the A and B domains from MoMLV IN and the C domain from 
Ty3. For purposes of designing each of the chimeric IN proteins described below 
5 and their corresponding genes, the actual A-B breakpoint, at residue 41 in MoMLV 
IN and 61 in Ty3, and B-C breakpoint, at amino acids 263 and 304 in MoMLV IN 
and Ty3, respectively, are selected so as to be within regions of random coil in order 
to minimize disruption of secondary and tertiary structure in the chimeric proteins. 

10 A Construction nf Recombina nt Retroviral Vectors Encoding Chimeric IN 
Proteins. 

Each chimeric IN retroviral vector is based on the retroviral vector 
pRgpKan, which is illustrated in FIG. 4. pRgpKan contains all cis elements of a 

15 high ther retroviral vector. In addition, it expresses functional gag zndpol gene 
products and, when introduced into a cell line expressing appropriate em gene 
products, results in the production of recombinant retroviral particles containing 
pRgpKan genomic RNA pRgpKan contains the neomycin phosphotransferase gene 
from transposon Tn5; the gene is expressed as kanamycin resistance in bacteria and 

20 G418 resistance in rrarnmalian cells (utilizing the SV40 early promoter). The 

retroviral vector also contains the colEl origin of replication to allow the plasmid to 
be propagated in£ coll The properties of pRgpKan allow for selection of 
transduced cells and subsequent rescue of vector DNA from those cells in bacteria 
after kanamycin selection. Genes expressed from pRgpKan-based retroviral vectors 

25 do not require the splice acceptor sequence found in the MoMLV IN gene since env 
is supplied in trans. The plasmid form of pRgpKan contains only one LTR. When 
expressed in cells, however, RNA genomes are transcribed with two LTRs. 
pRgpKan derived from the BAG vector (Price, et al. (1987), 
Proc.Natl.Acad.Sci.USA, vol 84:156-160.). 

30 The seven chimeric retroviral vectors depicted in FIG. 5 were 

constructed using the pRgpKan backbone as follows. Initially, a 2.8 kb sequence 
containing the IN-coding region was excised from a plasmid such as pMLV-K 
(Miller era/. J.Mol. Cell Biol 5:431, 1985) or 2xMLV which encodes the 
MoMLV genome, flanked on either end by a LTR (see FIG. 6). The excision was 

35 performed using Sal 1 and Bam HI . The resultant agarose gel purified fragment 
was cloned into Sal l-Bam HI digested pJBI-20 to generate pMLVIN (FIG. 6). 
Next, a 4.5kb Sail to Sea I fragment from Ty3 containing the Ty3 IN-coding region 
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from pVB193, panning base pairs 3132 - 5332 of the Ty3 element itself (Hansen, et 
al. (1990), J. Virol, vol. 64:2599-2607) was cloned into the gel purified 4.4 kb Sea 
I fragment of pMLVIN to yield the 8.8 kb plasmid vector P MLV/Ty3IN, which 
contained the heterologous MLV and Ty3 integrase genes, arranged in tandem as 

5 fellows: AmBmCra-AtBtCt. Kunkel mutagenesis (Kunkel, T.A. (1985), 

Proc.Natl.Acad.Sci USA vol. 82:488-492; looping out of single strand phage DNA 
using an oligonucleotide bridge complementary to the desired junction regions in 
MoMLV and Ty3 IN) was then performed on pMLV/Ty3IN to delete all but the 
first three codons of MLV IN in frame and immediately 5' of the Ty3 integrase to 

10 produce the plasmid pfTY3IN (FIG. 6). The nucleotide sequence of the 

oligonucleotide used to perform this mutagenesis, Oligol [SEQ ID NO: 5], is 
provided in FIG. 7. Also shown are the MLV and Ty3 sequences complementary to 
those of Oligol. 

pfTY3/MLVIN was then generated by ligating the 5.4 kb Xmn I to 

15 £coRI fragment from pfTY3IN to the 3.8 Kb Xmn I fragment from pMLVIN. 

pfTY3/MLVIN contains the Ty3 and MLV integrases aligned AtBtCt-AmBmCm, as 
depicted in FIG. 6. As designed, the pfTY3/MLVTK construct contains the 
proteolytic cleavage site of MLV at the amino terminus of the Ty3-IN coding 
region. Each of the two phagemid constructs, pMLV/Ty3IN and 

20 pfTY3 IN/ML VIN, were men used as substrates for Kunkel mutagenesis to generate 
four chimeric IN genes. Specifically, 01igo4 and Oligo5 [FIG. 7; SEQ ID NOS: 14 
and 17, respectively] were used to generate pAmBtCt and pAmBmCt, respectively, 
from pMLV/Ty3IN. OIigo2 [FIG. 7; SEQ ID NO: 8] was used to mutagenize 
pfTY3/MLVIN to generate pAtBmCm, while OIigo3 [FIG. 7; SEQ ID NO: 11] was 

25 used to mutagenize pyTy3/MLVIN to generate pAtBtCm. 

The last two chimeras, containing the 8 domain from one integrase 
between the A and C domains of the other were made as follows. pAtBtCm was 
cleaved with Hind HI and Msc I to release the BtCm-containing region. This 
fragment was cloned into pAmBtCt which had been similarly cleaved to remove the 

30 BtCt region. The resultant construct, designated pAmBtCm, encoded a chimeric IN 
having A and C regions from MLV and a B domain from Ty3. pAtBmCt, which 
contains the A and C domain coding regions from Ty3 and the B domain coding 
region from MLV, was made by digesting pAmBmCt with Hind m and gel 
purifying the BmQ-containing region which was then cloned into pAtBmCm from 
35 which the BmCm region had been removed by Hind HI digestion. 

Each of the seven plasmids, or "phagemids," (pAmBmCt, 
pAtBmCm, pAtBmCt, pAmBtCm, pAtBtCm, pAmBtCt, and pfTy3IN) encoding the 
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chimeric IN proteins was then digested with either Sal \-Xho 1 or Sal \-Bam HI to 
release the coding regions encoding the chimeric integrases. Each of the 
approximately 2.7 kb fragments containing the coding regions were then combined 
in separate three way ligations with the 4.1 kb Nhe I to Sail fragment from 

5 pRgpKan and either a Nhe I to 5a/ 1 or Nhe I to Bam HI fragment of about 3 kb 
BACLEX. See FIG. 4, The resultant constructs were designated pRgpAxByCz 
(where x, y, and z are either torm, depending upon the phagemid source) 
depending on the origin of the A, B, and C domains in the chimeric integrase gene. 
Two independent kanamycin resistant clones for each construct were analyzed by 

10 restriction digest and confirmed by sequence analysis. 

In addition to the seven chimeric retroviral vector constructs 
described above, a negative control retroviral vector, designated pRgpAmBtCt(-), 
was prepared by inserting the AmB tCt DNA sequence in the antisense oriental on. 
When pRgpAmBtCt(-) is introduced into a suitable packaging cell line, e.g., NC10 

15 or 292 2-3, recombinant retroviral particles are produced, although these particles 
are replication incompetent and do not contain functional IN. pRgpKan, from 
which the MoMLV IN coding region was initially derived, was used as the positive 
control. 

20 B. Production of Recombinant Retroviral P articles Using Recombinant 
Retroviral Vectors Coding for Chimeric IN Protein. 

In order to test for biological activity and position-specific 
integration in human and other mammalian cells, cultures producing recombinant 

25 retroviral particles carrying chimeric integrase may be produced as described 
hereinafter. Initially, 293 2-3 cells (AKA293-GP, Burns, etaL, 
Proc.NatLAcad.ScL P0:8O33 1993, see WO 92/05266) generated from the human 
adenovirus 5-transformed embryonal kidney cell line 293 (ATCC #CRL1573) and 
which express MoMLV gag and pel genes, are produced. NC10 cells, which 

30 express the 4070A amphotropic envelope {see WO 92/05266), are generated from 
the HT1080 human fibrosarcoma line (ATCC #CCL 121). Both HT1080 and 292 
cells have been demonstrated to lack DNA sequences that hybridize to the MoMLV 
genome. A plasmid construct, pMLP-G, expresses vesicular stomatitis virus G- 
protein and is used to complement MoMLV gag-pol proteins to pseudotype 

35 retroviral vector particles. FIG. 8 illustrates the method for generating producer 
cultures. In each case, the plasmid encoding the chimeric IN retroviral vector is co- 
tnmsfected (Graham, et aL (1973), Virology, vol. 52:456-467) into 293 2-3 cells 
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along with pMLP-G at a 1:1 ratio. In the 293 2-3 cells, the retroviral RNA genome 
encoding the chimeric IN is encapsidated along with pol proteins into particles 
formed by gag gene products. These particles also contain VSV-G protein on their 
outer surfece. After 48 hrs., filtered (.45 jim, cellulose acetate) supernatant fluid is 

5 placed onto NC10 cells. After an additional 24 hrs., the transduced (Emi, et al. 
(1991), J. Virol., vol. 65:1202-1207.) NC10 culture is placed under G418 selection 
(600 ng/ml). Selection continues until non-transduced NC10 control cultures no 
longer contain viable cells. The resulting cultures produce retroviral particles which 
consist of: a RNA genome coding for, among other things, a chimeric IN protein; 

10 gag mdpol gene products expressed from the chimeric retroviral vector construct; 
an amphotropic envelope; and chimeric IN protein 

Functionality of these retroviral particles is subsequently assessed by 
placing filtered supernatant fluid onto target cells, e.#, HT1080, and selecting for 
G41 8 resistant transductants. All of the chimeric retroviral vector particles 

15 produced have been used successfully to generate NC10 producer cells, Le. y cells 
which produce infectious recombinant retroviral particles. As judged by relative 
transient titers, retroviral genomes coding for a chimeric IN protein are packaged at 
the same rate as observed for RgpKaa 

To further characterize the NC10 producer cells to ensure that the 

20 biological activity of the gag and pol components, NCI 0 cell lysates and 

superaatants are tested by Northern analysis (Sambrook, et al., supra) to determine 
the level of expression and packaging of the retroviral constructs coding for the 
chimeric integrases, as compared to the expression levels detected for the control 
RgpKan construct. Because no cis acting sequences required for transcription, 

25 packaging, or replication are modified, the results for the chimeric retroviral vectors 
are expected to be similar to those determined for the control 

Additionally, NC10 cell lysates and supernatants are tested by 
Western blot analysis for production of MoMLV gag and IN proteins using anti- 
p30, anti-MoMLV IN, and anti-Ty3 IN rabbit polyclonal antibodies prepared 

30 separately according to standard techniques. Because the levels of gag protein is 
comparable for control RgpKan and the seven chimeric constructs, they serve as an 
internal control for the levels of/>o/-derived IN protein. The mobility and detected 
amount of chimeric integrase produced from each construct indicates if correct 
processing by the MoMLV protease occurred at the MoMLV IN processing site 

35 three amino acids in front of the junctions with the Ty3 sequence, for those chimeras 
containing an At domain. As retroviral processing sites are fairly locally determined, 
requiring approximately seven residues (Pettit, et aL (1991), J. BioL Chem., vol. 
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266:14539-14547) and are similar to Ty3 protease processing sites, fiinctional 
processing of the MoMLV IN site should occur even for the AtBtCt construct. 

In addition, NCIO cell supernatants are concentrated by 
centrifugation and tested for reverse transcriptase activity (Gaff, et al. (1981), J. 
5 Virol., vol. 38:329-248.) to determine if incorporation of the heterologous IN 
domain into the retroviral particle disrupts reverse transcriptase function. Activity 
of test constructs is compared to activity in the RgpKan supernatants and both are 
normalized to levels of gag proton. 

For each of the two clones of the seven chimeric IN constructs and 
10 two control constructs, RgpKan and RgpArnBtCt(-), three G418 resistant cultures 
are derived and supernatants are harvested. 

C. Target Cell Transduction. 

15 in order to evaluate whether the recombinant retroviral vectors 

generated from NC10 producers, as described above, are transduction competent, a 
transduction assay using a eukaryotic cell line, e.g., HT1080, is employed. HT1080 
cells are susceptible to infection by amphotropic retroviral vectors, however, here 
transduction (as determined by G418 resistance) depends on successful integration 

20 mediated by a chimeric IN incorporated into the retroviral particle during virion 
assembly in the NC10 producer cell, where the integrase function is encoded in 
NC10 cells by the retroviral vector introduced by the VSV-g pseudotype virion 
produced in the 292 2-3 cells. 

Transduction assays are performed as follows: Approximately 10 ml 

25 of filtered (0.45 urn) supernatant fluid from NC10 producers is placed on about 10* 
fresh HT1080 cells. After 24 hrs., the media is replaced with DMEM + 10% FBS. 
After an additional 24 hrs., the media is changed again, and this time contains 600 
ug/ml G418. When non-transduced control cultures of HT1080 cells are no longer 
viable under G418 selection, G418 resistant colonies are scored as successful 

30 transduction events. The number of HT 1080 G418-resistant clones derived from 
the chimeric constructs, as well as from the control constructs, are then normalized 
on the basis of the amount of protein m the NC10 supernatant, as measured by 
Western blot, so that the relative infectivhy of control and chimeric constructs is 
normalized for particle production. The results of a transduction assay using the 

35 chimeric constructs described above appear in Table 1, below, and indicate that the 
substitution of Ty3 sequences for the corresponding domains of MoMLV IN result 
in an integrase capable of mediating integration. 
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Table 1 

Transduction Assay Results 



5 



CONSTRUCT 


ISOLATE* 


RgpAmBmCt 


4-11 


RgpAlBmCm 


29-11 


RgpAtBmCt 


3-49 


10 RgpAmBtCm 


2-6 


RgpAtBtCm 


1-8 


RgpAmBtCt 


24-24 


RgpfTy3 




RgpKan 




15 pRgpAiriBta(-) 





Titer on HT1080 



A 


B 


2 






>6 


0 


0 


>500 


»500 


>400 


s 100 


2 


0 


0 


'1 




>104 




0 



To analyze reverse transcription and viral DNA processing, four hrs. 
after infection, cells are harvested and Hirt supematants derived (Roth, et al. (1989), 
Cell, vol. 58:47-54.)- The amount of supernatant used for each sample is 

20 normalized on the basis of gag protein levels. These supematants should contain 
extrachromosomal viral DNA produced by reverse transcription of the retroviral 
RNA genome following cell entry. After KNase digestion, the level of reverse 
transcribed DNA as determined by Southern blot analysis using MoMLV-specific 
probes. Viral DNA processing is assayed by examination of the ends of the 

25 extrachromosomal DNA. Both retrovirus and Ty3 IN proteins remove two bp from 
the 3' ends of replicated retroviral DNA prior to integration. DNA in the Hirt 
supematants fluid is digested with restriction enzymes close to the ends of the virus, 
fractionated on a gel suitable for resolving fragments of the expected size (which is 
dependent on the sequence of the nucleic acid and the restriction enzyme selected), 

30 transferred to nitrocellulose and probed with terminal strand specific probes to 

determine whether terminal processing has occurred. This information will be used 
as described below in (Section D) to optimize another set of constructs. 



D. Analysis of Position-Spe cific Integration 

35 

To determine the position of provirus in a eukaryotic genome, an 
integration library may be constructed from DNA of transduced cells. Below, such 
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an analysis is described for provims whose integration into the genomes of HT1080 
target cells was mediated by the chimeric IN protons described above. Each of the 
retroviral vectors encoding the chimeric integrases and the pRgpKan control contain 
the col El origin of replication (ori), as well as bacterial control elements that allow 

5 the expression of the kanamycin resistance gene in £ coli. As a result, the 

integrated provirus, along with host DNA adjacent to the site of integration, can be 
cloned directly in bacteria (Cepko, et al. (1984), Cell, vol. 37:1053-1062). 

FIG. 9 illustrates the technique described herein for isolating 
integrated proviral DNA. After HT1080 target cells are selected for transduction by 

10 G418 treatment, genomic DNA from pooled cultures is isolated and digested to 
completion with restriction enzymes that do not occur in the proviral DNA, e.g., 
Sea 1, Bst 1 1071, for which no restriction recognition ate occurs in the chimeric 
vector constructs. The DNA is then ligated under conditions that favor 
circularization so that host DNA on either side of the integration she is included in 

15 the circular molecules. Circular DNA is then used to transform the DH12s C strain 
of & coli (Gibco BRL), or another strain of £ coli designed for cloning non- 
bacterial DNA. Kanamycin resistant colonies are then isolated and pooled, followed 
by plasmid DNA extraction. 

As Ty3 integrase mediates integration proximal to RNA polymerase 

20 HI transcribed genes, which include tRNA genes, to determine the approximate 
frequency of insertions next to tRNA genes, animal cell tRNA is purified, labeled 
(Goddard,etaL (1983), Nuc. Acids Res., vol. 11:2551-62.), and used to probe 
Southern blots of pooled plasmid DNA from the kanamycin resistant bacteria. 
Parallel blots probed with LTR specific probes reveal the relative abundance of 

25 proviral DNA and adjacent tRNA genes. Nonspecific integration, as expected for 
RgpKan controls, yields a frequency of association provims and a tRNA gene less 
than 1 in 1,000 clones, based on an average size of cloned integration fragment of 3 
kb and a total genomic DNA of 10 s kb harboring about 1,300 tRNA genes (Hatlen, 
et al. (1971), J. MoL Biol., vol 56:535-553). Pooled DNA and colonies can also be 

30 screened in a similar manner using 5S and U6 sequence probes, since these genes 
are conserved in sequence but repeated in the genome, 1,000 to 2,000 for the 5S 
gene (Sorensen, et al. (1991), Nuc. Acids Res., vol. 19, 4147-51) and 200 for U6 
(Hayashi, K. (1981), Nuc. Acids Res., vol. 9:3379-88). 

Clones and pools from the integration libraiy may also be probed 

35 with a radiolabeled Alu-specific probe. Although Alu elements are generally not 
transcriptionally active, they contain pol HI promoter elements. 
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Preferably, at least ten plasmids for each construct are analyzed by 
sequencing to identify potential target genes independent of probe reactivity (Pavesi, 
et al. (1994), Nuc. Acids Res., vol 22:1247-56). Sequencing from the LTRs allows 
a determination of provirus orientation with respect to the pol Hi-transcribed 

5 element If an insertion is within 500 bp, preferably within 100 bp, more preferably 
within 20 bp of the 5' end of the mature tRNA coding region (or coding region for 
another RNA pol HI gene), integration is deemed to have involved position- 
specificity. However, only after approximately 10-20 position-specific events are 
analyzed is a chimeric IN function be considered position-specific, 

10 In addition, the level of expression of a gene of interest from a provirus 

integrated in a position-specific manner by a chimeric integrase according to the invention can also be 
analyzed Preferably, expression levels wiU vary less than 1 00-fbld, more preferably kss than 50-fold, 
and most preferably less than 10-fold for a given gene of interest integrated in a jxriticm-^pedfic manner, 
as compared to the same gene randomly integrated in a comparable eukaryotic cell genome. Typically, 

15 target cells are tested by quantitative Northern blot analysis for the expression levels of transcripts 

produced from the integrated prowrus. To perform a statistical analysis, at least ten mdependent clones 
are examined per original construct 



EXAMPLE 2 

20 Preparation of Retroviral Vector Backbones 

A. Preparation of Hetroviral Ba ckbones KT-1 and KT-3B 

The Moloney murine leukemia virus (MoMLV) 5' long terminal repeat 
(LTR) EcoR I-EcoR I fragment, including gag sequences, from the K2 vector 

25 (Armentano et al, /. Fir. 67:1647-1650, 1987; EgUtas et al., Science 250:1395-1398, 
1985) is ligated into the plasmid SK+ (Stratagene, La Jolla, CA). The resulting construct 
is designated N2R5 . The N2R5 construct is mutated by she-directed in vitro mutagenesis 
to change the ATG start codon to ATT preventing gag expression. This routagenized 
fragment is 200 base pairs (bp) in length and flanked by Pst I restriction sites. The Pst I- 

30 Pst I mutated fragment is purified from the SK+ plasmid and inserted into the Pst I site of 
N2 MoMLV 5' LTR in plasmid pUC3 1 to replace the non-mutated 200 bp fragment. The 
plasmid pUC31 is derived from pUC19 (Stratagene, La Jolla, CA) in which additional 
restriction sites Xho L Bgl D, BssH H and Nco I are inserted between the EcoR I and Sac 
I sites of the polylinker. This construct is designated pUC3 l/N2R5gM. 
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A 1.0 kilobase (Kb) MoMLV 3' LTR EcoR I-EcoR I fragment from N2 is 
doned into plasmid SK + resulting in a construct designated N2R3". A 1.0 Kb Cla I-Knd 
in fragment is purified from this construct 

The Cla I-Cla I dominant selectable marker gene fragment from pAFVXM 
5 retroviral vector (Kriegler et at.. Cell 3S:483, 1984; St. Louis et aL, PNAS 85:3 150- 
3154,1988), comprising a SV40 early promoter driving expression of the neomycin (neo) 
phosphotransferase gene, is cloned into the SK + plasmid. This construct is designated 
SK + SVj-wo A 1.3 Kb Cla I-BstB I gene fragment is purified from the SK + SVl-neo 
plasmid. 

KT-3B or KT-1 vectors are constructed by a three part ligation in which 
the Xho I-Cla I fragment containing the gene of interest and the 1 .0 Kb MoMLV 3* LTR 
da Hfind EL fragment are inserted into the Xho I-Hind EI site of pUC3 l/N2R5gM 
plasmid. This gives a vector designated as having the KT-1 backbone. The 1.3 Kb Cla I- 
BstB I neo gats fragment from the pAFVXM retroviral vector is then inserted into the 
Cla I ate of this plasmid in the sense orientation to yield a vector designated as having the 
KT-3E backbone. 



EXAMPLE 3 

CONSTRUCTION OF RECOMBINANT RETROVIRUSES EXPRESSING FACTOR VIII 

A. rnnstnictioTi of F ull-Length and B Domain Deleted Factor VD1 cDNA Retroviral 
Vector 

The following is a description of the construction of several retroviral 
vectors encoding a full-length factor VHI cDNA Further discussion is also provided in 
U.S. Serial No. 08/366,85 1, filed December 30, 1994. Due to the packaging constraints 
of retroviral vectors and because selection for transduced cells is not a requirement for 
therapy, a retroviral backbone, KT-1, lacking a selectable marker gene is employed. 

1. pmrtncrion of Plasmid Vectors F nrnrfingFull-Length Factor VDI 

A gene encoding full length factor VHI can be obtained from a variety of 
sources. One such source is the plasmid pCIS-F8 (see EP 0 260 148), which contains a 
full length factor VTH cDNA whose expression is under the control of a CMV major 
immediate-early (CMV ME) promoter and enhancer. The factor VHI cDNA contains 
approximately 80 bp of 5' untranslated sequence from the factor VDI gene and a 3' 
untranslated region of about 500 bp. In addition, between the CMV promoter and the 
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fector Vffl sequence Hes a CMV intron sequence, or "as" element. The cis element, 
spanning about 280 bp, comprises a splice donor site from the CMV major immediate- 
early promoter about 140 bp upstream of a splice acceptor from an iinmunoglobulin gene. 
More specifically, a plasmid, designated pJW-2, encoding a retroviral 

5 vector for expressing full length factor VIE is constructed using the KT-1 backbone from 
pKT-1. Briefly, in order to facilitate directional cloning of the factor VIII cDNA insert 
into pKT-1, the unique Xho I site is converted to a Not I site by she directed 
mutagenesis. The resultant plasmid vector is then opened with Not I and Cla I. pCIS-F8 
is digested to completion with Cla I and Eag I, for which there are two sites, to release 

10 the fragment encoding full length factor Vm. This fragment is then ligated into the Not 
I/Cla I restricted vector to generate a plasmid designated pJW-2. 

2. Construction of a Truncated Factor VII Rfifroviral Vector fND-5) 

A plasmid vector encoding a truncation of about 80% (approximately 370 

15 bp) of the 3' untranslated region of the factor VHI cDNA, designated pND-5, is 

constructed in a pKT-1 vector as follows: As described for pJW-2, the pKT-1 vector 
employed has its Xho I restriction site replaced by that for Not I. The factor VTA insert is 
generated by digesting pCIS-F8 with Cla I and Xba I, the latter enzyme cutting 5' of the 
fiictor Vffl stop codon. The approximately 7 kb fragment containing all but the 3' coding 

20 region of the factor \TH gene is then purified. pCIS-F8 is also digested with Xba I and 
Pst I to release a 121 bp fragment containing the gene's termination codon. This fragment 
is also purified and then ligated in a three way ligation with the larger fragment encoding 
the rest of the factor VTH gene and Cla I/Pst I restricted BLUESCRIPT® KS+ plasmid 
(Stratagene, supra) to produce a plasmid designated pND-2. 

25 The unique Sma I site in pND-2 is then changed to a Cla I site by ligating Cla I 

linkers (New England Biolabs, Beverly, MA) under dilute conditions to the blunt ends 
created by a Sma I digest. After recircularization and ligation, plasnuds containing two 
Cla I sites are identified and designated pND-3. ^ 

The factor VIII sequence in pND-3, bounded by Cla I sites and containing the full 

30 length gene with a truncation of much of the 3* untranslated region, is cloned as follows 
into a plasmid backbone derived from a Not I/Cla I digest of pKT-1 (a pKT-1 derivative 
by cutting at the Xho I site, blunting with Klenow, and inserting a Not I linker (New 
England Biolabs)), which yields a 5.2 kb Not I/Cla I fragment. pCIS-F8 is cleaved with 
Eag I and Eco RV and the resulting fragment of about 4.2 kb, encoding the 5' portion of 

35 the foil length factor Vffl gene, is isolated. pND-3 is digested with Eco RV and Cla I and 
a 3.1 kb fragment is isolated. The two fragments containing portions of the factor Vffl 
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gene are then hgated into the Not I/Cla I digested vector backbone to produce a plasmid 
designated pND-5. 



5 3. Obstruction Q f B -rcftmain Deleted Vector 

The precursor DNA for the B-deleted FVEI is obtained from Miles 
Laboratory. This expression vector is designated p25D and has the exact backbone as 
pCISF8 above. The Hpa I site at the 3' of the FVEB cDNA in P 25D is modified to Cla-I 
by ofigolinkers. An Acc I to da I fragment is clipped out from the modified p25D 

10 plasmid. This fragment spans the B-domain deletion and includes the entire 3' two-thirds 
of the cDNA An Acc I to Cla I fragment is removed from the retroviral vector JW-2 
above, and replaced with the modified B-domain deleted fragment just described. This is 

designated B-del-1. 

The vectors described herein are then used to produce infectious, 
15 replication incompetent recombinant retroviral particles incorporating a chimeric integrase 
protein in an appropriate retroviral packaging cell line, preferably a human packaging cell 
One. 

Detection of Replication Competent Retroviruses fRCR) 
20 1. The Extended S+L- Assay 

The extended S + L" assay determines whether replication competent, 
infectious vims is present in the supernatant of the cell line of interest. The assay is based 
on the empirical observation that infectious retroviruses generate foci on the indicator cell 
line MiCli (ATCC No. CCL 64. 1). The MiCli cell line is derived from the MvILu mink 

25 cell line (ATCC No. CCL 64) by transduction with Murine Sarcoma Virus (MSV). It is a 
non-producer, non-transformed, revertant clone containing a replication defective murine 
sarcoma provirus, S + , but not a replication competent murine leukemia provirus, L\ 
Infection of MiCli cells with replication competent retrovirus "activates" the MSV 
genome to trigger "transformation" which results in foci fonnation. 

30 " Supernatant is removed from the cell line to be tested for presence of 

replication competent retrovirus and passed through a 0.45 u filter to remove any cells. 
On day 1, MvILu cells are seeded at 1.0 x 10* cells per well (one well per sample to be 
tested) of a 6 well plate in 2 ml DMEM, 10% FBS and 8 pg/ml polybrene. MvILu cells 
are plated in the same manner for positive and negative controls on separate 6 well plates. 

35 The cells are incubated overnight at 37°C, 10% C0 2 . On day 2, 1 .0 ml of test 

supernatant is added to the MvILu cells. The negative control plates are incubated with 
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1.0 ml of media. The positive control consists of three dilutions (200 focus forming units 
(fib), 20 ffu and 2 flu each in 1.0 ml media) of MA virus (referred to as pAM in Miller et 
aL, Molec and Cell Biol 5:43 1, 1985) which is added to the cells in the positive control 
wells. The cells are incubated overnight. On day 3, the media is aspirated and 3.0 ml of 

5 fresh DMEM and 10% FBS is added to the cells. The cells are allowed to grow to 

confluency and are split 1: 10 on day 6 and day 10, amplifying any replication competent 
retrovirus. On day 13, the media on the MvlLu cells is aspirated and 2.0 ml DMEM and 
10% FBS is added to the cells. In addition, the Midi cells are seeded at 1.0 x 10 s cells 
per well in 2.0 ml DMEM, 10% FBS and 8 ng/ml polybrene. On day 14, the supernatant 

10 from the MvlLu cells is transferred to the corresponding well of the Midi cells and 

incubated overnight at 37°C, 10% CO2. On day 15, the media is aspirated and 3.0 ml of 
fresh DMEM and 10% FBS is added to the cells. On day 21, the cells are examined for 
focus formation (appearing as clustered, refractile cells that overgrow the monolayer and 
remain attached) on the monolayer of cells. The test article is determined to be 

15 contaminated with replication competent retrovirus if foci appear on the NfiCli cells. 
Using these procedures, it can be shown that the HBV core producer cell lines are not 
contaminated with replication competent retroviruses. 



2. ^cultivation of Producer L ines and MdH Marker Rescue Assay 
As an alternate method to test for the presence ofRCR in a vector- 
producing cell line, producer cells are cocultrvated with an equivalent number ofMus 
dimni (NIHNIAID Bethesda, MD) cells. Small scale ^cultivations are performed by 
mixing of 5.0 x 10 5 Mas dunni cells with 5.0 x 10 5 producer cells and seeding the mixture 
into 10 cm plates (10 ml standard culture media/plate, 4 ng/ml polybrene) at day 0. Every 
3-4 days the cultures are split at a 1:10 ratio and 5.0 x VfiMus dunni cells are added to 
each culture plate to effectively dilute out the producer cell line and provide maximum 
amplification of RC3L On day 14, culture supernatants are harvested, passed through a 
0.45 n cellulose-acetate filter, and tested in the MdH marker rescue assay. Large scale 
cocultivations are performed by seeding a mixture of 1.0 x 10 8 Mus dunni cells and 1 .0 x 
30 10 g producer cells into a total of twenty T-150 flasks (30 ml standard culture media/flask, 
4 ng/ml polybrene). Cultures are split at a ratio of 1: 10 on days 3, 6, and 13 and at a ratio 
of 1 :20 on day 9. On day 15, the final supernatants are harvested, filtered and a portion 
of each is tested in the MdH marker rescue assay. 

The MdH marker rescue cell line is cloned from a pool of Mus dunni cells 
35 transduced with LHL, a retroviral vector encoding the hygromydn B resistance gene 
(Palmer et a/., PNAS 84\ 1055-1059, 1987). The retroviral vector can be rescued from 
MdH cells upon infection of the cells with RCR. One ml of test sample is added to a well 
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of a 6-weH plate containing 10 5 MdH cells in2 ml standard culture medium (DMEMwhh 
10% FBS, 1% 200 mML-ghitamine, 1% nonessential amino acids) containing 4 ng/ml 
polybrene. Media is replaced after 24 hours with standard culture medium without 
polybrene. Two days later, the entire volume of MdH culture supernatant is passed 
5 through a 0.45 ]x cellulose-acetate filter and transferred to a well of a 6-well plate 

containing 5.0 x 10* Mus durmi target cells in 2 ml standard culture medium containing 
polybrene. After 24 hours, supernatants are replaced with standard culture media 
containing 250 (ig/ml of hygromydn B and subsequently replaced on days 2 and 5 with 
media containing 200 jig/ral of hygromydn B. Colonies resistant to hygromydn B appear 
10 and are visualized on day 9 post-selection, by staining with 0.2% Coomassie blue. 

Administratio n of Vector Construct 
1. Animal Administration Protocol 

The intestinal epithelium is an attractive site for gene delivay due to its 

15 rapidly proliferating tissue mass and the known location of stem cells in the crypts of 
LieberkuhiL The deep location of the stem cells in the crypts and the protective role of 
the mucus gd layer, makes the retrovirus relatively inaccessible to the tissue cells. 
However, the accessibility of the retroviral vector to these stem cells can be improved in 
animal models by the in vivo mucus removal method of Sandberg, J., et aL,( Human Gene 

20 Therapy 5:3232-329, 1994). 

Male Sprague-Dawley rats obtained from Charles River Breeding 
Laboratories (Portage, MD.) are anesthetized and the cecum is identified upon opening 
the peritoneal cavity. A 3 cm ileal segment is isolated from the last Peyer's patch in the 
terminal ileum and ligated at each end. A plastic catheter attached to a syringe is inserted 

25 into the segment and two milliliters of the mucolytic agents dithiothreitol and N-acetyl- 
cysteineis instilled under mild pressure for two minutes, then removed. This procedure 
is repeated once again before filling the segment with 0.2 to 2.0 ml of retroviral vector 
partides at 10 6 to 10 10 cfu/ml. The ligatures are removed 1 to 4 hours later and the 
abdominal cavity is sutured. Control animals are instilled with formulation buffer only. 

30 Blood is collected from the tail vein and assayed for factor VD production 

by a sandwich EOS A specific for human factor VHI (according to the modified 
procedure of Zatloukal, K, e/ al. t PNAS 9 J :514S-51S2, 1994). The ELISA is based on 
two monodonal antibodies directed against human factor VHI (ESH 4 and ESH 8; 
American Diagnostica), ESH 4 (25 mg/ml in 1.0 M NaHCOyO.5 M NaCl, pH 9.0) is 

35 coupled to the ELISA plates overnight at 4°Q washed with 0. 1% Tween 20 in PBS, and 
blocked with 1% BSA in PBS. The samples are applied in 0.05 M Tris-HCl/1 M 
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NaCl/2% BSA, pH 7.5, over 4 hr at room temperature, the plates are washed, and ESH 8 
(2.5 mgfail in 0.05 M Tris-HO/1 MNaCl/2% BSA, pH 7.5,) which has been biotinylated 
with JV- hydroxysuccinimidobiotin (Pierce, Rockford, DL) is added for 2 hr at room 
temperature. The color reaction is performed with peroxidase-conjugated streptavidin 
5 (Boehringer Mannheim, Indianapolis, IN.) and o~ phenylenediamine dihydrochloride as 
substrate. The human factor VUlx standard (from the National Institute for Biological 
Standards and Control, Hertfordshire, ILK.) and normal rat plasma are used as 
references. 

10 2. Human Administration Protocol 

Lyophifized recombinant retrovirus containing the gene for Factor VIE 
expression is formulated into an enteric coated tablet or gel capsule according to known 
methods in the art. These are described in the following patents: US 4,853,230, EP 
225,189, AU 9,224,296, AU 9,230,801, and WO 92/14452. 

15 The capsule is administered orally to be targeted to the jejunum. At 1 to 4 days 

following oral administration of the recombinant retrovirus, expression of Factor VIII is 
measured in the plasma and blood by the Coatest* Factor VEH assay as described in 
Example 2B1. 

20 EXAMPLE 4 

INTRAVESICAL ADMINISTIKATION OF RECOMBINANT RETROVIRUSES EXPRESSING TK 

Construction of TK Vector Constructs 

1. Construction of plasmids containing vector LTR sequences 
25 All of the following retroviral vectors are based on the N2 vector (Keller 

et al., Nature 3 J 8: 149-1 54, 1985). Briefly, 5' and 3' Eco RI LTR fragments (2.8 and 1.0 
Kb, respectively) (Aimentano, J. Vir. tf/:1647, 1987; Eglitis, Science 250:1395, 1985) are 
initially subcloned into the Eco RI site of plasmids SK + (Stratagene, San Diego, CA) and 
pUC31. pUC31 is a modification of pUC19 (Stratagene, San Diego, CA) carrying 
30 additional restriction sites (Xho I, Bgl n, BssH n, and Nco I) between the Eco RI and 

Sac I sites of the polytinker, Plasmid N2R3+/- is thereby created from ligation of the SK + 
plasmid with the 1.0 Kb 3' LTR fragment. The plasmids p3 1N2R5+/- and p31N2R3+/- 
are constructed fix>m the ligation of pUC3 1 with the 2.8 Kb 5' LTR and packaging signal 
(Y) or the 1 .0 Kb 3' LTR fragment, respectively. In each case N2 refers to the vector 
35 source, R refers to the feet that the fragment is an Eco RI fragment, 5 and 3 refer to 5' or 
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3' LTRs, and + or - refers to the orientation of the insert (see Figures 1-6 for examples of 
LTR subclones). 

In one case, a 12 Kb Cla I/Eco RI 5'LTR and W fragment foam N2 is 
subcloned into the same sites of an SK + vector. This vector is designated pN2CR5. In 
5 another case, the 5' LTR containing a 6 bp deletion of the splice donor sequence (Yee et 
al, Cold Spring Harbor, Quantitative Biology, 51:1021, 1986) is subcloned as a 1.8 Kb 
Eco RI fragment into pUC3 1. This vector is designated p3 1N25D[+], Figure 6. 

2. Construction nf plasmids containing HSVTK 
10 The coding region and transcriptional tennination signals of HSV-1 

thymidine kinase gene (HSVTK) are isolated as a 1.8 Kb Bgl DZPvu n fragment from 
plasmid 322TK (3.5 kb Bam HI fragment of HSV-1 (McKnight et aL) cloned into Bam 
HI of pBR322 (ATCC No. 31344)) and cloned into Bgl n/Sma I-digested pUC3 1 . This 
construct is designated pUCTK. For constructs which require deletion of the terminator 
15 signals, pUCTK is digested with Sma I and Bam HI and the 0.3 Kb fragment containing 
the (A) n signal is removed. The remaining coding sequences and sticky-end Bam HI 
overhang are reconstituted with a double-stranded oligonucleotide made from the 
following oligomers: 
(SEQUENCE ID. NO. 18) 
20 5' GAG AGA TGG GGG AGG CTA ACT GAG 3' 

(SEQUENCE ID. NO. 19) 

5' GAT CCT CAG TTA GCC TCC CCC ATC TCT C 3' 

The resulting construct is designated pTKD A, Figure 7. 
For diagnostic purposes, the oligonucleotides are designed to destroy the 
25 Sma I site while inaintaining the Ava I she without changing the translated protein. 

The plasmid pPrTKDA (Figure 8), which contains the HSVTK promoter 
and coding sequence (lacking an (A) fl signal), is constructed as follows. 

1. pTKD A is linearized with Bgl II treated with alkaline phosphatase, 
and gel purified. 

30 2. A 0.8 Kg fragment contained the HSVTK transcriptional promoter 

is isolated as a Bam HI/Bgl II fragment from p322TK. 

3. Products from (1) and (2) are ligated, transformed into bacteria, 
and positive clones are screened for the proper orientation of the promoter region. A 
resultant clone is designated pPrTKDA (Figure 8). 
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3. Construction of retroviral provectors expressi ng HSVTK from A 

gpTistitytive promoter 

The retroviral provectors pTK-1 and pTK-3 are constructed essentially as 
described below. 

1 . The 5 Kb Xho I/Hind IE 5 1 LTR and plasraid sequences are 
isolated from p31N2R5(+) (Figure 1). 

2. HSVTK coding sequences lacking transcriptional termination 
sequences are isolated as a 1.2 Kb Xho I/Bam HI fragment from pTKDA (Figure 2), 

3. 3' LTR sequences are isolated as a 1.0 Kb Bam Hi/Hind HI 
fragment from pN2R3(-) (Figure 2). 

4. The fragments from steps 1-3 are mixed, ligated, transformed into 
bacteria, and individual clones identified by restriction enzyme analysis. The construct is 
designated TK-1 (Figure 9). 

5. pTK-3 is constructed by linearizing TK-1 with Bam HI, filling in 
the 5' overhang and blunt-end ligadng a 5'-filled Cla I/Cla I fragment containing the 
bacterial lac UV5 promoter, SV40 early promoter, plus Tn5 neo r gene obtained from 
pAFVXM retroviral vector (Krieger et aL t Cell 39:483, 1984; St Louis et aL, PNAS 
£5:3150, 1988). Kanamycin-resistant clones are isolated and individual clones are 
screened for the proper orientation by restriction enzyme analysis (Figure 9). 

These constructs were used to generate infectious recombinant vector 
particles in conjunction with a packaging cell line, such as DA as described above. 

EXAMPLg? 

Preparation of Recombinant Retrovirus for Delivery of 
25 Human Growth Hormone 

A. Preparation ofhfiH containing vectors 

Vector pDHF828 containing the full-length human growth hormone gene 
is constructed essentially as follows. Briefly, plasmid pDHF81 1, was constructed by 
30 removing the Xhol- Clal fragment of the KT-1 retroviral vector described above, and 
inserting the following oligonucleotide linkers by ligation of the cohesive ends: 

Linker sequences: 
(SEQUENCE ID# 20) 
35 5' TCGAGGATCC GCCCGGGCGG CCGCATCGAT GTCGACG 3 1 
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(SEQUENCE ID# 21) 

5' CGCGTCGA CATCGATGCG GCCGCCCGGG CGGATCC 3' 

In particular, the linkers were annealed at 65°C for 20 minutes, 42°C for 20 minutes, 3TC 
5 for 20 minutes, and room temperature for 2 hours. The concentrations of both 
- oligonucleotides was 18mM and the salt concentration was 100 mMNaCl. After 

annealing, 50ml of 1.8 mM annealed linker was digested with Clal overnight to generate 
Clal ends. For ligation, 3nM ofKT-1 Xhol - Clal fragment was mixed with 90nM of 
linker, and the resultant niixture incubated at 15°C for 3 hours. The ligated DNA sample 
10 was transformed into DH-5a competent cells, followed by screening of transformants. 

Plasmid chGH 800 containing the full length cDNA of the hGH gene 
(Martial, R. A. ct al., Science 205:602, 1979) was digested with Hind m, blunt-ended 
with the Klcnow fragment enzyme, and cloned into the Srfl she of pDHFSl 1. The 
resultant plasmid was designated pDHF828 and can be introduced into an appropriate 
15 packaging cell line to produce recombinant retroviral particles incorporating a chimeric 
integrase protein which confers position-specific integration into the targeted genome. 



EXAMPLE 6 

20 Analysis of Crude and Purified Recombinant Retrovirus 

Crude and purified solutions of recombinant retrovirus particles may be 
separated on gradient polyacrylamide gels utilizing, for example, the PHASTGEL system 
(Pharmacia Biotech). Briefly, samples are place on 4-15% polyacrylamide gels without 
25 pretreatment and electrophoresed for 35 minutes at 250V. The gels are then removed and 
stained with coomassie blue in order to detect virus and other protein components. The 
gels are then scanned by laser densitometry in order to determine the content of virus and 

other components. 

Virus bands may be identified by their relative molecular weight and by 
30 reverse transcriptase activity (RT). The purpose of this assay is to quantify the activity of 
reverse transcriptase (RT), an enzyme exclusively associated with all retroviruses. The 
relative amount of retrovirus in a sample can be determined by measuring the activity of 
this enzyme in a given preparation. 

Briefly, Moloney murine leukemia virus reverse transcriptase (Pharmacia, 
Newark, NJ) is diluted to a concentration of 1 ug/ml by addition of lx Tris/EDTA buffer 
solution containing 10 mM Tris-HCl and ImM EDTA, pH 8.0. One hundred microliters 
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of this solution is added 6.84 ml of sterile dB^O, 500 fxl of 1M Tris HCI pH 8.0, 10 pi of 
O.lMMnCfc. 200 |xl of 1M dithiothratol, 50 *il of 10% Nonidet P40 (NP40), 2 pi of 100 
fiM dNTP (Pharmacia, Newark, NJ, dNTP Uhrapure Kit™), and 300 \il Methyl - 3 H 
Thymidine 5' - Triphosphate (30-50 Ci/mmol). This mixture is incubated for 1 hour at 

5 37°C in a water bath. Following incubation the sample is placed on ice. Approximately 
1.0 ml of 2N HCI is added to the cooled sample. The precipitated radiolabled DNA 
fragments are vacuum filtered onto glass fiber filters using a MUlipore sampling manifold 
(Millipore, Philadelphia, PA). The filters are washed, dried, placed in scintillation 
cocktail, and counted in a Beckman LS5000TD scintillation counter (Beckman, Dallas, 

10 TX), 



* * * 



While the present invention has been described above both generally and in terms 
15 of preferred embodiments, it is understood that variations and modifications will occur to 
those skilled in the art in light of the description, supra Therefore, it is intended that the 
appended claims cover all such variations coming within the scope of the invention as 
claimed. 

Additionally, the publications and other materials cited to illuminate the 
20 background of the invention, and in particular, to provide additional details concerning its 
practice as described in the detailed description and examples, are hereby incorporated by 
reference in their entirety. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(i) APPLICANTS CHIRON VIAGENE , INC. 

(ii> TITLE OP INVENTION; POSITION-SPECIFIC INTEGRATION OF 

VECTOR CONSTRUCTS INTO EUKARYOTIC GENOMES MEDIATED BY A 
CHIMERIC INTEGRASE PROTEIN 



(ill) NUMBER OF SEQUENCES: 21 

(iv) CORRESPONDENCE ADDRESS: 

<A) ADDRESSEE: Chiron Viagene, Inc. 

(B) STREET: 4560 Horton Street 

(C) CITY: Emeryville 

(D) STATE: California 
(S) COUNTRY: U.S.A. 
(F) ZIP: 94608 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS— DOS 

(D) SOFTWARE: Patent In Release #1.0, Vereion #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Unassigned 

(B) FILING DATE: Even date herewith 
<C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Kruse, Norman J. 

(B) REGISTRATION NUMBER: 35,235 

(C) REFERENCE /DOCKET NUMBER: 1159.100 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (510) 601-3520 

(B) TELEFAX: (510) 655-3542 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 538 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOtl: 

Thr lie Thr Pro Glu Thr Ser Arg Pro lie Abp Thr Gin Ser Trp Lye 

5 10 15 

Ser Tyr Tyr Lys Ser Asp Pro Leu Cye Ser Ala Val Leu lie His Met 

20 25 30 

Lvs Glu Leu Thr Gin His Asn Val Thr Pro Glu ABp Met Ser Ala Phe 

35 40 45 

Arg Ser Tyr Gin Lys Lys Leu Glu Leu Ser Glu Thr Phe Arg Lye Asn 

50 55 60 

Tvr Ser Leu Glu Asp Glu Met lie Tyr Tyr Gin Asp Arg Leu Val Val 
65 70 75 80 

Pro He LyB Gin Gin Asn Ala Val Met Arg Leu Tyr Hia Asp His Thr 

85 90 95 

Leu Phe Gly Gly His Phe Gly Val Thr Val Thr Leu Ala Lys He Ser 

100 105 110 

Pro He Tyr Tyr Trp Pro Lys Leu Gin His Ser He He Gin Tyr He Arg 
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115 120 125 

Thr Cys Val Gin Cys Gin Leu II© Lya Ser His Arg Pro Arg Lou His 

130 135 140 

Gly Leu Leu Gin Pro Leu Pro lie Ala Glu Gly Arg Trp Leu Aflp lie 
145 150 155 160 

Ser Met Asp Phe Val Thr Gly Leu Pro Pro Thr Ser Asn Asn Leu Aan 

165 * 170 175 

Hat lie Leu Val Val Val Asp Arg Phe Ser Lye Arg Ala Hie Phe lie 

180 185 190 

Ala Thr Arg Lye Thr Leu Aep Ala Thr Gin Leu lie Asp Leu Leu Phe 

195 200 205 

Arg Tyr lie Phe 8er Tyr Hie Gly Phe Pro Arg Thr lie Thr Ser Asp 

210 215 220 

Arg Aep Val Arg Met Thr Ala Aep Lye Tyr Gin Glu Leu Thr Lye Arg 
225 230 235 240 

Leu Gly lie Lye Ser Thr Met Ser Ser Ala Asn Hie Pro Gin Thr Asp 

245 250 255 

Gly Gin Ser Glu Arg Thr lie Gin Thr Leu Aen Arg Leu Leu Arg Ala 

260 265 270 

Tyr Ala Ser Thr Aan He Gin Aan Trp His Val Tyr Leu Pro Gin He 

275 280 285 

Glu Phe Val Tyr Aan Ser Thr Pro Thr Arg Thr Leu Gly Lya Ser Pro 

290 295 300 

Phe Glu He Aep Leu Gly Tyr Leu Pro Asn Thr Pro Ala He Lye Ser 
305 310 315 320 

Aep Asp Glu Val Asn Ala Arg Ser Phe Thr Ala Val Glu Leu Ala Lya 

325 330 335 

His Leu Lya Ala Leu Thr He Gin Thr Lys Glu Gin Leu Glu His Ala 

340 345 350 

Gin He Glu Met Glu Thr Asn Asn Aan Gin Arg Arg Lya Pro Leu Leu 

355 360 365 

Leu Aan He Gly Asp His Val Leu Val Hie Arg Aep Ala Tyr Phe Lya 

370 375 380 

Lys Gly Ala Tyr Met Lys Val Gin Gin He Tyr Val Gly Pro Phe Arg 
385 390 395 400 

Val Val Lya Lya He Asn Asp Asn Ala Tyr Glu Leu Asp Leu Asn Ser 

405 410 415 

His Lys Lya Lys Hia Arg Val He Asn Val Gin Phe Leu Lya Lys Phe 

420 425 430 

Val Tyr Arg Pro Asp Ala Tyr Pro Lya Asn Lys Pro He Ser Ser Thr 

435 440 445 

Glu Arg He Lys Arg Ala His Glu Val Thr Ala Leu He Gly He Asp 

450 ^ 455 460 

Thr Thr His Lys Thr Tyr Leu Cya Hia Met Gin Aap Val Pro Asp Pro 
465 470 475 480 

Thr Leu Ser Val Glu Tyr Ser Glu Ala Glu Phe Cys Gin He Pro Glu 

485 490 495 

Arg Thr Arg Arg Ser He Leu Ala Asn Phe Arg Gin Leu Tyr Glu Thr 

500 505 510 

Gin Asp Asn Pro Glu Arg Glu Glu Asp Val Val Ser Gin Asn Glu He 

515 520 525 

Cys Gin Tyr Asp Asn Thr Ser Pro Xaa 
530 535 537 

<2) INFORMATION FOR SEQ ID NO: 2s 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTHS 408 amino acids 

(B) TYPEs amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY i linear 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 2; 



He Glu Asn Ser Ser Pro Tyr Thr Ser Glu His Phe His Tyr Thr Val 
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5 10 15 

Thr Aap He Lye Aep Lou Thr Lya Lou Gly Ala He Tyr Asp Lys Thr 

20 25 30 

Lya Lys Tyr Trp Val Tyr Gin Cly Lya Pro Val Met Pro Asp Gin Phe 

35 40 45 

Thr Pbe Glu Leu Leu Asp Phe Leu Hie Gin Leu Thr His Leu Ser Phe 

50 55 60 

Ser Lye Met Lya Ala Leu Leu Glu Arg ser His Ser Pro Tyr Tyr Met 
65 70 75 80 

Leu Aan Arg Aap Arg Thr Leu Ly» Aon He Thr Glu Thr Cya Lya Ala 

85 90 95 

Cya Ala Gin Val Aan Ala Ser Lya Ser Ala Val Lya Gin Gly Thr Arg 

100 105 110 

Val Arg Gly Hia Arg Pro Gly Thr His Trp Glu He Asp Phe Thr Glu 

115 120 125 

He LyB Pro Gly Leu Tyr Gly Tyr Lya Tyr Leu Leu Val Phe He Aap 

130 135 140 

Thr Phe Ser Gly Trp He Glu Ala Phe Pro Thr Lya LyB Glu Thr Ala 
145 150 155 160 

Lya Val Val Thr Lya Lya Leu Leu Glu Glu He Phe Pro Arg Phe Gly 

165 170 175 

Met Pro Gin Val Leu Gly Thr Aap Aan Gly Pro Ala Phe Val Ser Lya 

180 185 190 

Val Ser Gin Thr Val Ala Asp Leu Leu Gly He Aap Trp Lye Leu Hia 

195 200 205 

Cya Ala Tyr Arg Pro Gin ser Ser Gly Gin Val Glu Arg Met Aan Arg 

210 215 220 

Thr He Lys Glu Thr Leu Thr Lye Leu Thr Leu Ala Thr Gly Ser Arg 
225 230 235 240 

Asp Trp Val Leu Leu Leu Pro Leu Ala Leu Tyr Arg Ala Arg Aan Thr 

245 250 255 

Pro Gly Pro Hia Gly Leu Thr Pro Tyr Glu He Leu Tyr Gly Ala Pro 

260 265 270 

Pro Pro Leu Val Aan Phe Pro Aap Pro Aap Met Thr Arg Val Thr Aan 

275 280 285 

Ser Pro Ser Leu Gin Ala His Leu Gin Ala Leu Tyr Leu Val Gin Hie 

290 295 300 

Glu Val Trp Arg Pro Leu Ala Ala Ala Tyr Gin Glu Gin Leu Aep Arg 
305 310 315 320 

Pro Val Val Pro Hie Pro Tyr Arg Val Gly Aap Thr Val Trp Val Arg 

325 330 335 

Arg Hia Gin Thr Lya Aan Leu Glu Pro Arg Trp Lya Gly Pro Tyr Thr 

340 345 350 

Val Leu Leu Thr Thr Pro Thr Ala Leu LyB Val Asp Gly He Ala Ala 

355 360 365 

Trp He Hia Ala Ala His Val Lya Ala Ala Asp Pro Gly Gly Gly Pro 

370 375 380 

Ser Ser Arg Leu Thr Trp Arg Val Gin Arg Ser Gin Aan Pro Leu Lya 
385 390 395 400 

He Arg Leu Thr Arg Glu Ala Pro 
405 408 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base paire 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CCTCTACCCT CCTCATAGAA AAT 23 



(2) INFORMATION FOR SEQ ID NO: 4: 
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(i) SEQUENCE CHARACTERISTICS f 

(A) LENGTH x 21 base pair a 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY i linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOi4: 

ACTATAACCC CCGAAACATC C 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

CGAGATGGGA GGAGTATCTT TTATGATATT GGGGGCTTTG 
TAGG 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CTCGAACTAT CAGAGACCTT C 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS j 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CCTGTGATGC CTGACCAGTT TAG 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GAGCTTGATA GTCTCTGGAA GGOACACTAC GGACTGGTCA 
AATG 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH : 23 base pairs 



WO 96/3762* 



-76- 



PCT/US96/06727 



(B) TYPBt nucleic acid 

(C) STRANDEDNBSS ; single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CTACTAGAAC ACTTGGAAAA TCA 23 
(2) INFORMATION TOR SEQ ID NO: 10* 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH i 20 base pairs 

(B) TYPE: nuoleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DESCRIPTION t SEQ ID NO: 10: 
CCATATOAGA TCTTATATCG 20 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSt single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

CATGATCTTG TGAACCTTTT AGTGGTATAC TCTAGAATAT 40 
ACC « 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION I SEQ ID NO:12: 
GTATTGGGTC TACCAAGGAA AA 22 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNE5S: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CGAAAGAATT ATTCCCTAGA AG 22 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION t SEQ ID NO:14s 

CATAACCCAG ATGGTTCCTT TTGCTTTCTT AATAAGGGAT 
CTTC 

(2) INFORMATION FOR SEQ ID NOtl5l 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 21 base pairs 

(B) TOPE j nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY i linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID HO* 15: 
CCOGCCCCCC ATGGCCTCAC C 
(2) INFORMATION FOR SEQ ID NO:16t 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION t SEQ ID NO* 16s 
CCATTTGAAA TTGATTTAGG 
(2) INFORMATION FOR SEQ ID NO:17t 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTHS 41 base pairs 

(B) TYPES nucleic acid 

(C) STRANDED NE SS 3 single 

(D) TOPOLOGY s linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOsl7s 

GGCCCGGGGG TACCGGAGTG GGGTAAACTT TAACTAAATC 
C 

(2) INFORMATION FOR SEQ ID NO: 18s 

(i) SEQUENCE CHARACTERISTICS S 

(A) LENGTHS 24 base pairs 

(B) TOPE: nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGY t linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GAGAGATGGG GGAGGCTAAC TGAG 24 
(2) INFORMATION FOR SEQ IS NO :19s 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TOPEs nucleic- acid _ 

(C) STRANDEDNESSs single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GATCCTCAGT TAGCCTCCCC CATCTCTC 
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(2) INFORMATION FOB SEQ ID NOi20s 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTHS 37 base pairs 
<B) TYPEx nucleic acid 

(C) STRAND ED NESS I single 

(D) TOPOLOGY t linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 20: 
TCGACGATCC OCCCGGGCCO CCGCATCGAT GTCGACG 
(2) INFORMATION FOR SEQ ID NOt21t 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTHS 35 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY i linear 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NOt21x 
CGCGTOGACA TCGATGCGGC CGCCCGGGCG GATCC 
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WE CLAIM 

1. A chimeric integrase protein which directs integration of a vector construct into a 
defined region of a target eukaryotic genome. 

2. A (Chimeric integrase protein according to Claim 1 which directs integration of a 
vector construct into a region adjacent to a eukaryotic gene transcribed by KNA 
polymerase HL 

3. A chimeric integrase protein according to Claim 2 wherein integration position- 
specificity is mediated by a domain from Ty3 integrase. 

4. A chimeric retroviral integrase protein according to Claim 3 . 

5. A chimeric retroviral integrase protein according to Claim 4 which is derived from 
Moloney murine leukemia virus. 

6. A chimeric retroviral integrase protein according to Claim 5 wherein the integrase 
comprises, from amino terminus to carboxy terminus, domain A, domain B, and domain 
C, with at least one domain being derived from Ty3 integrase. 

7. A chimeric retroviral integrase protein according to Claim 6 selected from the 
group consisting of AmBmCt, AmBtCra, AmBtCt, AlBtCm, and AtBrnCm, wherein "m" 
denotes a domain derived from MoMLV integrase and "t" denotes a domain derived 
from Ty3 integrase. 

8. A chimeric integrase protein according to Claim 1 which is incorporated into a 
gene delivery vehicle, wherein the gene delivery vehicle further comprises a vector 
construct encoding a heterologous gene product selected from the group consisting of a 
polypeptide, an antisense KNA, a sense KNA, and a ribozyme. 

9. A vector construct comprising at least one element which controls gene 
expression in functional association with a gene encoding a chimeric integrase protein 
according to any one of Claims 1 to 7. 

10. A host cell into which a vector construct according to Claim 9 has been 
introduced. 
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11. A method for producing a chimeric integrase protein, the method comprising 
growing under suitable nutrient conditions a host cell according to Claim 10 in a manner 
allowing expression of the chimeric integrase protein. 

12. A chimeric integrase proton according to Claim 1 that is isolated. 

13. A packaging ceD for production of recombinant viral particles, wherein the 
packaging cell produces a chimeric integrase protein according to Claim 1. 

14. A gene delivery vehicle comprising (i) * chimeric integrase protein to direct 
integration of a vector construct into a defined region of a target eukaryotic genome and 
(ii) the vector construct 

15. A transduction competent recombinant retroviral particle comprising (i) & chimeric 
retroviral integrase to direct integration of a recombinant retroviral vector construct into a 
region adjacent to a eukaryotic gene transcribed by RNA polymerase III and (ii) the 
recombinant retroviral vector construct, 

16. A transduction competent recombinant retroviral particle according to Claim 15 
which leads to a reduced rate of insertional mutagenesis caused by integration of the 
recombinant retroviral vector construct into a eukaryotic genome as compared to 
integration of the recombinant retroviral vector construct mediated by a transduction 
competent recombinant retroviral particle carrying wild type retroviral integrase proton. 

17. A transduction competent recombinant retroviral particle according to Claim 15 
which in transduced eukaryotic cells leads to decreased variation in expression of a gene 
of interest carried by the recombinant retroviral vector construct as compared to 
expression of the gene of interest in eukaryotic cells transduced with a transduction 
competent recombinant retroviral particle carrying wild type retroviral integrase protein. 

18. A pharmaceutical composition comprising a gene delivery vehicle according to 
Claim 14 and a pharmaceutical^ acceptable carrier. 

19. A pharmaceutical composition comprising a transduction competent recombinant 
retroviral particle according to Claim 15 and a pharmaceutical^ acceptable carrier. 



WO 96/37626 



PCTVUS96/06727 



81 - 



20. A phannaceutical composition comprising a transduction competent recombinant 
retroviral particle that is ryophuized. 

21. A eukaryotic cell genome comprising a vector construct integrated into a denned 
region. 

22 A eukaryotic cell genome according to Claim 21 wherein the defined region is a 
region adjacent to a eukaryotic gene transcribed by RNA polymerase HL 

23 A transduced eukaryotic cell comprising a recombinant retroviral vector construct 
in a region adjacent to a gene transcribed by RNA polymerase HI, wherein integrate of 
the recombinant retroviral vector construct is mediated by a chimeric retroviral mtegrase 
which directs integration of the recombinant retroviral vector construct into a region 
adjacent to eukaryotic genes transcribed by RNA polymerase M. 

24 A method of introducing a vector construct into a eukaryotic cell genome such 
that there is a reduced rate of insertional mutagenesis caused by integration of the vector 
construct into the eukaryotic cell genome as compared to the rate of national 
mutagenesis caused by integration of the vector construct by a wild type integrase protem, 
the method comprising introducing the vector construct into the eukaryotic cell genome 
using a chimeric integrase protein according to Claim 1. 

25 A method of introducing a vector construct into a defined region of a eukaryotic 
cell genome such that there is decreased variation in expression of a gene of interest from 
the vector construct in eukaryotic cells into which the vector construct is introduced as 
compared to expression of the gene of interest in eukaryotic cells wherein the vector 
construct is introduced using a wild type integrase protein, the method compnsmg 
introducing the vector construct into the eukaryotic cell genome using a chunenc 
integrase protein according to Claim 1. 

26 A method of treating a disease selected form the group consisting of a genetic 
disease, a cancer, an infectious disease, a degenerative disease, an inflammatory disease, a 
cardiovascular disease, and an autoimmune disease, the method compnsmg m ™ 
aorninistration to a patient of a gene delivery vehicle which directs the integrate of a 
vector construct into a defined region of a target eukaryotic genome. 
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of a vector constntet into a defined region of a target enkaryotie genome. 

28. A method according to Claim 26 wherein the cells treated ex vivo arc autologous 

cells. 
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